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ABSTRACT 

The potential benefit of using warranty agreements as part of military 
avionics procurements was investigated.  Interviews were conducted with air- 
lines, vendors, and military agencies that had made use of warranties. A 
life-cycle cost model was formulated to permit comparisons between warranty 
and no-warranty procurements.  The model makes it possible to compute the 
optimum warranty time period and the break-even cost to identify the mini- 
mum additional funds that may be spent on warranty coverage. 

The major conclujion of the investigation is that a properly constituted 
and applied warranty can yield significant reliability and life-cycle cost 
benefits and that broader use of warranties is advisable. 
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2.4 Maintainability Incentive and Growth 

The maintainability characteristics of the equipment will benefit from 
a warranty provision for the same reasons that warranty yields reliability 
benefits. 

2. 5 Minimal Initial-Support InvesMnent 

If the supplier is to provide repair services over the warranty period, 
savings in repair facilities and equipment, handbooks, training, and spare 
parts inventory will accrue. 

2.6 Life-Cycle Cost Control 

With a warranty provision that applies over a significant time period 
and with options for renewal, the military user can be much more confident 
in controlling costs for a significant number of life-cycle cost elements. 

2.7 Contractor Benefits 

If warranties bwiefitted only the user, there would be little likeli- 
hood of their acceptance by manufacturers.  In pricing the warranty-cost 
increment, the contractor estimates all costs associated with the warranty 
clause, and to these he adds his normal profit factor, perhaps a igmented 
by a risk factor dependent on the length of the warranty period.  If the 
product exhibits better R/M than anticipated, contractor profits are in- 
creased.  In addition, a warranty provision offers the contractor a long- 
term, stabilized work flow plus the opportunity to acquire in-depth know- 
ledge of hib product's performance in the use environment. 

2.8 Economic and Military Manpower Impact 

If warranties are applied on a large scale, a significant portion of 
the dollar expenditure for equipment maintenance will transfer directly to 
the civilian economy.  In the same vein, extensive warranty use will tend 
to reduce greatly the requirements for military maii.„enance personnel. 
With ti.e recent elimination of the draft, an approach that reduces the 
need for skilled military personnel offers attractive possibilities. 

2.9 Design to Cost 

It is believed that a warranty provision not only complements "design 
to cost" but provides, finally, a streng rationale for the low-bidder ap- 
proach to source selection, since the purchase price plus thi warranty in- 
crement would actually represent a significant portion of lif*-cycle costs 
over the warranty period. 

2.10 Warranty Application 

To achieve a more workable warranty,  it is important that the agree- 
ment be established with as few exclusions as possible. 

vi 





^xa^awr-TT" 

2.13.5 Pipeline Time 

An often expressed concern of contractor repair with warranty is the 
greater pipeline time such procedures will entail. When unit repair can 
be performed at the flight-line or organizational level, this nay be true. 
However, for depot repair, we see no particular reason for any appreciable 
difference in pipeline times; and in some cases contractor repair can pro- 
vide significant reductions. To reduce pipeline time, several contractui.1 
and procedural policies can be adopted. 

2.13.6 Reduced Military Self-Sufficiency 

There is no question that the military will suffer reduced self- 
sufficiency over the warranty period when contractor repair is the usua^ 
warranty procedure. 

2.13.7 Data Requirements 

Some of the current warranty programs in the military require fairly 
extensive data reporting and analysis procedures.  This was part1-/ due tc 
the experimental pioneering nature of the long-term warranty pre .sion that 
was involved.  To meet data needs, service data products were augmented by 
contractor-supplied data and analysis. 

2.13.8 Effects on Small Contractors 

We believe that there is some element of truth to the statement that 
a long-term warranty provision may present possible risks to a small con- 
tractor that would discourage his entering the procurement competition. 
However, airline experience indicates that this effect is not of major 
significance. 

2.13.9 Compliance Assurance 

Employment of performance bonds to assure warranty compliance is con- 
sidered contrary to the spirit of the basic objective of warranties ~ i.e., 
to couple vendors to the reliability growth process. 

3.   RECCIMENDATIONS 

A number of reconmendations are offered in regard to the future use of 
warranties for military avionics procurement.  These are discussed below. 

3.1 Warranty Application 

The expanded use of failure-free type warranty is reconmended since it 
is the type most easilv administered and is most compatible with existing 
supply and maintenance administration systems.  MTBF, MTBUR, and cost-type 
guarantees shall be considered only if improvements can be made in current 
data and record-keeping procedures. 

Warranty provisions should be applied only to fixed-price production 
and maintenance contracts. 

viii 
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If the production run is not too extensive (one year) , it is probably 
best to use a single warranty start t;ijne, such as an average production 
delivery date.  Therefore, a single warranty end-date will be in force, 
rather than different warranty end-times for the units. 

3-4 Warranty Procurement 

On research and development projects, the goveriment should state its 
intentions o^ incorporating warranty provisions in the production contract. 
in this manner, the developing activity will design the product with the 
thought of warranty profit through good RSM  characteristics. 

A cost analysis should be performed for each proposed warranty applica- 
tion.  Such an analysis investigates the relative cost in warranty and non- 
warranty situations and examines the cost of varying warranty time periods. 

Warranty ccst« should be priced separately so that appropriate warranty 
and life-cycle cost analyses can be performed.  This will also permit an 
evaluation of a design-to-cost requirement. 

In the procurement contract with warranty, options should be orovided 
for warranty renewal.  However, it is probably best to leave the terms of 
such renewal open for negotiations based on the results of the initial war- 
ranty period. 

3. 5 Warranty Developmcnt 

A warranty administration guideline should be developed to provide 
instructions to procurement, supply, and maintenance personnel with stand- 
ard procedures and guidelines for securing and administering warranty con- 
tracts.  A further part of this effort would be the formation oi a set of 
standard terms and definitions applicable to the various warranty plans. 

Efforts should be made to standardize the marking of warranty items 
and packaging containers. 

A training program should be considered for key procurement, supply, 
and maintenance personnel relative to the use of warranty procurements and 
administration. 

Additional emphasis should be placed on the ability to provide in the 
field unambiguous go/no-go testing for warranty-covered items (non-warranty 
items would materially benefit from such an effort as well). 

Service data systems and data-analysis products should be reviewed to 
determine how  they can be modified to provide data products to support war- 
ranty administration.  As an interim measure, warranty contracts should 
continue to require contractor-supplied data products to describe equip- 
ment performance. 
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DoD should promulgate a policy statement encouraging the expanded use 
of warranties.  Final clarification should be provided in regard to warranty 
funding.  The recommended course of  action is that initial production systems 
be funded with production monies, but that warranties on subsequent replen- 
ishment buys and warranty renewals be funded with O&M funds. 

A study should be initiated to review the current R&M production test- 
ing and documentation requirements when warranty provisions are in effect. 

3.6 Future Study 

This report constituted the completion of the Phase I effort directed 
toward an initial review of warranty usage in the airline community and in 
the military.  As part of this «.i-lort, it was established that it is possi- 
ble to determine the value of warranty on an economic basis.  Chapter V of 
this report presents an initial effort towards evaluation of the costs as- 
sociated wich the failure-free type warranty plan.  Although Phase I was a 
limited effort, it was found thai, some data are available to support 
this type of analysis.  It is thus concluded that a Phase II effort would 
be of value in providing a more in-depth analysis of alternate warranty 
plans, includirg a validation through the application of the models to 
selected equipment development programs. 

xi 
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SECTION II 

IMPACT OF WARRANTIES ON LIFE-CYCLE COST 

2.1  DEFINITIONS 

The use of warranties has its roots in the commercial sector, for which 
the Uniform Sales Act is the source of warranty law principles. This act was 
drafted by the Commissioners of Uniform Law in 1906; since that time, a ma- 
jority of the states have adopted it.  Section 12 of this act defines an 
expressed warranty as "any affirmation of fact or any promise by the seller 
relating to the goods ... if the natural tendency of such an affirmation or 
promise is to induce the buyer to purchase the goods ... and if the buyer pur- 
chases the goods relying thereon." The major concern of this study is this area 
of expressed warranty.  However, Section 14 of the act defines implied war- 
ranties and states in part:  "where there is a contract to sell or a sale 
of goods by description, there is an implied warranty that the goods shall 
correspond with the description ... ." 

The Uniform Sales Act has gradually been superseded by a Uniform Com- 
mercial Code (UCC).  Since a 1963 decision (Noonan Construction Co. - ASBCA 
No. 8320) the Uniform Commercial Code has been applied in the interpretation 
of Government contracts on the basis that the UCC reflects the best in modern 
legal decision and discussion. 

Questions frequently arise over the difference between warranty  and 
guaranty.  Black's Law Dictionary states: 

"Guaranty and warranty are derived from the same root, and are in 
fact etymologically the same word, the g of the Norman French being 
interchangeable with the English w.  They are often used colloquially 
and in commercial transactions as having the same signification, as 
where a piece of machinery or the produce of an estate is "guarantied" 
for a term of years, "warranted" being the more appropriate term in 
such a case.  Accumulator Co. v. Dubuque St. R. Co., Iowa, 64F, 70, 
12 C.C.A. 37; Martinex v. Ernshaw, 36 Wkly. Notes Cas., Pa., 502. 
A distinction is also sometimes made in commercial usage by which 
the term "guaranty" is understood as a collateral warranty (often 
a conditional one) against some default or event in the future, 
while the term "warranty" is taken as meaning an absolute under- 
taking in proesenti, against the defect, or for the quantity or 
quality contemplated by the parties in the subject-matter of the 
contract.  Sturges v. Bank of Circleville, 11 Ohio St. 169, 78 Am. 
Dec. 296.  But in strict legal usage the two terms are widely dis- 
tinguished in this — that a warranty is an absolute undertaking or 
liability on the part of the warrantor, and the contract i« void 
unless ir  xs strictly and literally performed, while a guaranty is 
a promi.'.e, entirely collateral to the original contract, and not 
imposing any primary liability on the guarantor, but binding him  to 
be answerable for the failure or default of another.  Masons' Union 
L. Ins. Ass'n v. Brockman, 20 Ind. App. 206, 50 N.E. 493." 



In view of the last point, warranty  is the topic to be addressed in 
this discussion. 

2.2  LIFE-CYCLE-COST IMPLICATIONS 

Under the current policy for procuring military avionic systems, the 
producer's liability essentially ends with the delivery and acceptance of 
equipment.  One possible approach to extend the producer's responsibility 
for the operational reliability of the delivered equipment is to incorporate 
warranty agreements in the procurement contract.  For some tixne, the air- 
lines have been using warranty provisions of numerous types in an effort to 
reduce their reliability risk and to spur competition for reliability im- 
provement.  The continued use of these provisions gives some evidence of 
their value and indicates acceptance by equipment suppliers. 

It is desirable to explore some of the aspects of equipment develop- 
ment and deployment.  It is generally well established that an equipment 
undergoes a reliability growth process from the time of its initial design 
until it finally reaches a stat« of maturity in the field deployment. 
Figure 1 illustrates two typical curves prepared from data obtained in a 
recent development program.  Since such growth is a natural characteristic 
of equipment development, it is believed that warranty applications keep 
the vendor involved during this growth period to accelerate the rate of 
growth and to minimize the cost necessary to achieve it. 

It should also be emphasized that higher MTBF can produce major cost 
reductions when viewed from the standpoint of life-cycle cost. Figure 2 
depicts a case study performed several years ago for Navy transmitter equip- 
ment.  It will be observed that the life-cycle cost drops off markedly with 
increased MTBF and then gradually rises again as excessive danands are made 
on reliability development.  Needless to say, most of today's equipment falls 
on the low side of the MTBF scale.  Thus it is observed that although warran- 
ties may increase the initial purchase price of the equipment, they can in- 
deed achieve higher reliability levels, and their cost can certainly be re- 
covered in terms of the life-cycle cost of the equipment. 

A final point to be made is that today's procurement practice, with 
the emphasis on low initial purchase price, causes vendors to supply the 
lowest reliability that will pass the procurement acceptance requirements. 
The vendor is economically driven to this position, his maximum profit being 
derived from such strategy.  Profitability is based on total potential sales, 
including not only the initial purchase but follow-on spares, support equip- 
ment, and technical data.  Several investigators have developed curves show- 
ing the relationship between the profitability and MTBF» they are generally 
of the form of the solid curve shown in Figure 3.* Ideally, the prof'.t curve 

2 
N.J.  Scarlett,  Reliability Trade-offs during Concept Formulation — Proceed- 
ings, Annual Reliability t Maintainability Symposium,  1968. 

'Logistics Management Institute, Methods of Acquiring and Maintaining Air- 
craft Engines.  Task 71-9, Washington, D.C., June 1972. 



should be similar to the one sketched in,  in which the contractor receives 
greater financial reward for improved reliability.     These rewards can be 
paid for by reduced life-cycle cost of the supported product. 

FIGURE   1 
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From a theoretical viewpoint the warranty concept appears logical. The 
purpose of the study was to review the practical application of warranties 
by both the airlines and the military so that better insight could be gained 
regarding their true utility. 

2.3 FAILURE-FREE  WARRANTY AND OTHER TERMINOLOGY 

Unfortunately, warranty terminology is often confusing and has not 
leached any level of standardization.  The term faiJure-fre* warranty is now 
commonly used in the military but cannot be considered an accurate descriptor 
of the basic warranty provisions involved or of the real intent.  For this 
type of warranty, the contractor normally assumes responsibility for repair- 
ing warranted units that fail, the warranty period extending over a long 
period (minimum 1 year, typically 3 to 5 years). The extended period is re- 
quired so that the contractor will have the profit/loss incentive involved 
with warranty-repair to invest the money required to improve reliability. 
Contract provisions are generally provided to minimize procurement and 
administrative complexities involved witn introducing engineering changes 
for reliability improvement and to ensure that data feedback is provided by 
both parties. 

Other terms that have been used to reflect basically the same type of 
warranty provision include standard warranty, product warranty, Jong-term 
service warranty, contractor maintenance warranty, and fuJi-Jifo warranty. 
Some fault can be found with the descriptiveness of each of these terms. 
Because faiiure-free warranty is most often used, we have chosen to continue 
using that term.  At the risk of further complicating the terminology pic- 
ture, we suggest considering tbe term reiiaWiity warranty, which, while not 
describing the warranty provisions involved, at least focusee on the major 
equipment characteristic of interest. 



SECTION III 

AIRLINE WARRANTY PRACTICE 

3.1  THE Al'RLINE PROCUREMENT ENVIRONMENT 

It is appropriate to review the general environment under which airlines 
procure avicic equipment because of '_he influence such environment exerts 
on warranty practices.  Where pertinent, contrasting nilitary procurement 
procedures are noted. 

It is clear that the major goal cf an airline is to realize a satis- 
factory profit.  It is also clear that to meet this goal avionic equipment 
must perform satisfactorily, have a low total life-cycle cost, and not 
jeopardize safety.  If the term "military value" is substituted for "profit", 
this set of criteria for evaluating equipment is also quite applicable to 
the military. 

A decisive element in airline avionic procurement practice is the AEEC 
(Airlines Electronic Engineering Committee).  The AEEC, a standing committee 
of the Airlines Coinnunications Administrative Council (ALCAC), is composed 
of 14 U.S. airline technical representatives, one representative from Canadian 
airlines, six from the European Airlines Electronics Coimnittee, and one from 
general aviation.  The committee has ten advisory members:  ARINC (four); 
International Air Transport Association (one); Air Force (two); and the Air 
Transport Association of America (two).  The conmittee is chaired by a 
representative of ARINC. 

The primary function of the AEEC is to formulate form-fit-function types 
of standards for electronic equipment and systems. These standards are 
finalized through discussions between the airlines and potential manufac- 
turers before the so-called ARINC Characteristics are published.  The stand- 
ards do not precisely define the contents of the "black box" but describe 
the signals that enter and leave the box and the electrical, mechanical, and 
environrental interfaces. 

ARINC Characteristics produce the standardization that will assure the 
interchangeability in an aircraft of equipment produced by various manufac- 
turers.  The airline industry considers equipment interchangeability to be 
the greatest advantage offered by the development of ARINC Characteristics, 
for only through such standardization can a "buyer's market" for the airlines 
be achieved. 



An ARINC Characteristic thus has a twofold purpose: 

(I)  To indicate to prospective manufacturers of airline el«*ctronic 
equipment the opinion of the airline technical people, coordinated 
on an industry basis, concerning requisites of nev equipment. 

(2)  To channel new equipment designs in a direction that can produce 
maximum possible standardization of physical and electrical char- 
acteristics without seriously Mmpering engineering initiative. 

The AEEC has no authority.  After a specification is issued, individual 
airlines can use it or not as they choose, and basically it is not a "pro- 
curement" specification in the military sense.  The AEEC has learned over the 
years that this very lack of authority necessitates specifications that are 
soundly based on technical and economic fnetsi the alternative is, in effect, 
no standard at all.  By and large, this process has been quite successful. 

Once an ARINC Characteristic — or specification — has been issued, 
suppliers that have equipment meeting the requirements must obtain FAA 
certification.  The FAA certification requirements, called Technical Standard 
Orders (TSO), are the equivalent of a military qualification test. 

A unique aspect of these specification activities is that details of 
construction, cost, or reliability are never explicitly spelled out. These 
matters are left to be determined through contracting in a competitive 
market, but they are an important consideration during the preparation of 
the ARINC Characteristic.  Major emphasis ir. the Characteristic, or speci- 
fication, is placed, through the form-fit-function approach, on assuring 
that freedom of competition is preserved. 

One good example of the value of interchangeability was a unique agree- 
ment under which one large airline purchased ci radar system.  If a specified 
MTBF value was not achieved within a specified time period, the airline had 
the option of returning all sets to the manufacturer, who would reimburse 
the airline for the purchase price.  The airline observed that this agree- 
ment yielded one of < he most successful programs for meeting prescribed 
reliability requirements. 

The AEEC approach to avionic equipment specification and the simple 
fact that airline technical people "talk to each other" produces a very 
competitive situation. The single factor most often referenced by the many 
airline and ver.dor representatives interviewed by ARINC Research is the 
importance of manufacturer reputation and integrity. 

"More detailed technical description of ARINC Characteristics is presented 
in the report, A Comparative Analysis of P3C Avionics Specifications and 
Similar Connrercial Avionic Specifications,  W. Gahres, ARINC Research 
Corporation, Contract N00019-'72-C-0486 (Naval Air Systems Command — PMA), 
Ma xh 1973. 
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TABLE I 

A COMPARISON OF 
AVIONICS PROCUREMENT BY AIRLINES AND MILITARY SERVICES 

Procurement 
Element Airlines Military Services 

Technological 
Environment 

Current technology satis- 
factory 

Need to push the state- 
of-the-art in some areas 

Specification 
Development 

Done in open forum by AEEC, 
a group of users and manu- 
facturers 

More one-sided — limited 
give-and-take sessions 

Specification 
Format 

Form-Fit-Punction ~ ether 
characteristics not speci- 
fied 

Rigorous requirements on 
all characteristics (also, 
assurance procedures) 

Specification 
Use 

Individual users may or nay 
not employ specification 
(voluntary) 

Must be employed 
(mandatory) 

Testing Only through Tech. Standard 
Orders (TSO) 

Rigorous acceptance tests 

Contracts Simple — minimal paper 
work 

Complex — mountains of 
paper work 

Warranties Widely used Seldom used 

Competition Exists at all times Essentially ceases to 
exist after contract 
award 

Information 
Feedback 

Rapid, credible — affects 
subsequent procurements 

Not credible — seldom a 
factor in reprocurement 

Logistics Standardization only to 
Form-Fit-Function 

Standardization within 
black boxes — minimizes 
number of types of spare 
parts 
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TABLE   II 

OOMi:  CÜMPAkISONS   BETWEEN AIRLINE   AND MILITARY   AVIONICS   RELIABILITY 

Equipment -' ource 
(M = Mlitary) 

Opera t.inq(0) 

or Flying(F) 
Hours 

Number of 
Removals 

Number of 
Fa Jlures MTBR MTBF 

Weather Radar 

RDR-IF 
RDR-IF 
AVQ-30 
AN/APS-115 

Airline A 
Airline C 
Airline B 
P3C (M) 

438,480(0) 
NA(F) 

186,810(0) 
19,450(0) 

1,307 

NA 
561 
295 

390 
NA 
NA 
149 

335 
555 
333 
66 

1,124 
1,157 

666* 
130 

Inertial Navigation 

Caiousel 
LTN-51 

AN-ASN-84 

Airline B 
Airline Composite 
PiC (M) 

326,500(0) 
360,720(0) 
35,900(0) 

925 
NA 
442 

NA 
361 
186 

353 
450* 
81 

706« 
999 
192 

LORAN (A & C) 

345 t 700(A) 

AN/APN-151(C) 
AN/APN-157(C) 

Airline B 
Rr-135(M) 
r-141/HC-130H(M) 

162,460(0) 
9,600(0) 

164,400(0) 

568 
NA 
NA 

NA 
94 

3,823 

322 

51* 
22« 

644* 

102 
43 

HF Conmunications 

618 T-2 
ARC-142 

Airline B 
P3C (M) 

228,400(0) 
28,520(0) 

555 
608 

NA 
160 

412 
47 

824* 
178 

UHF/VHF Comnunications 

RTA-41A 
ARC-143 

Airline B 
P3C 

326,530(0) 
37,430(0) 

591 
468 

NA 
115 

552 
80 

1,104* 
325 

Automatic Direction Finder (Receiver) 

DFA-70 
DFA-70 
DFA-73 
DFA-73 

Airline Compoaite 
RC-135/rfC-135(H) 
Airline Composite 
C-141/HC-130(M) 

647,270(F) 
30,150(F) 
38,500(F) 

1,100,000(F) 

643 
NA 
41 

NA 

359 

141 
26 

1,240 

1,006 
107* 
939 
444* 

1,802 
214 

1,480 
887 

Marker Beacon (Receiver) 

51Z-4 
51Z-4 

Airline Composite 
C-141(M) 

570,300(F) 
506,670(F) 

180 
NA 

114 
184 

3,168 

1,376« 
5,000 
2,753 

VCR Localizer (Receiver) 

WIL 806A 
WIL e06A 

Airline Composite 
C-141(M) 

NA(F) 
506,670(F) 

NA 
NA 

NA 
1,654 153* 

1,000 
306 

*Data not availablj.  For groee comj tarison, estinat a based on t fTBF - 2 x MTBR. 
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selected i -ems. Typical applications include aircraft tires and 
brakes.  Reiinbursement to tht user is made either on a 100-percent 
or a pro-rated basis of the difference between the actual cost and 
the specified guaranteed value. Guarantees, typically, are for a 
period of ten years, commencing with the product's first use. 

3«3'2 Warranty Provisions 

The scope of the provisions contained in airline warranties has expanded 
over the last several years.  Appendix I presents a warranty agreement cur- 
rently being med.  This particular agreement was selected because of its 
comprehensiveness. The individual clauses are believed to be typical, al- 
though many warranty agreements do not contain all such clauses or present 
them in the detail of this sample agreement. The highlights of the major 
provisions in this sample agreement are as follows: 

Period of Coverage.  A warranty period of 36 months or 8,000 opera- 
ting hours, whichever occurs first, applies for the standard 
warranty. 

• Condition for Maintaining Coverage. The warranted item must be used 
as specified and not subjected to unauthorized modification. 

• Conseqi ential Damages.  The seller is not responsible for conse- 
quential damages that may result from failure at  the warranted 
device. 

• Scope of Coverage.  The seller agrees to repair or replace without 
charge any nonconforming item. 

• Assignability, Warranty rights may be assigned to a third party in 
the event that items are sold or transferred. 

Shipping Costs. The buyer pays for shipping warranted itans back 
to the seller for repair. Shipping costs for return to buyer are 
borne by the seller. 

• No-^roi.ble-Found Reimbursement.  In the event that a defect or 
fail ire can »ot be confirmed, the buyer must bear the expense of 
shipnent and cost of testing. 

• Documentation Requirements.  Data that must be submitted as part of 
a warranty claim are specified. 

On-Site Repair Authorization.  If authorized by the seller, the buyer 
may accomplish the warranty repair using his facilities and invoice 
the seller for his labor and material subject to agreed-upon labor 
rates and other conditions. For some recent warranties, on-aircraft 
remove/replace labor co»ts are included. 

Provisions applicable to a MTBF warranty are as follows: 

Specific Guarantees. A statement of the warranted parameters will be 
given MTBF, materials cost, man-hours/flight hours, etc., will be 
annotated). 
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• Acceptance Conditions.  A statement of tolerance and time period for 
compliance will be given. 

• Seller's Data Requirements.  The buyer will supply the seller with 
system failure data to permit collection of required parameters. 

• Spares Requirements.  The buyer will determine spares requirements 
based on the seller's MTBF guarantees. 

• Consignment Spares.  Additional spares will be supplied on a no- 
charge basis in the event the observed MTBF is less than the 
guaranteed value. The number of spares is calculated by the 
forrrilc. 

n = NS^-ZJi 
G 

where 

n = number of additional spares 

NS = total number of spares purchased to date 

G ■ guaranteed MTBF 

A ■ achieved MTBF 

• MTBF Calculation.  MTBF measurements will be based on a monthly 
measure corresponding to a three-month moving average. 

• Obligation Termination.  The seller's obligation under ehe MTBF 
guarantee will terminate when the MTBF exceeds the specified value 
twelve consecutive months but no earlier than the 25th month after 
system introduction. 

• Definition of Failure.  Criteria are established that define which 
failures may be accepted in the MTBF calculation and which are to be 
classed as irrelevant or minor. 

3.4  AIRLINE WARRANTY FEATURES AND EXPERIENCE 

This secticr summarizes the features, experiences, and commentary con- 
cerning airline warranty practices as determined from the detailed inter- 
views conducted with 27 key airline and airline-avionics vendor personnel. 
Six airlines are represented ~ one regional carrier, two medium-sized 
national carriers,two large national carriers, and one large international 
airline.  Six avionics vendors are also represented, ranging in size from 
small to large.  In addition, some material from a literature soarch is 
presented. 

Table III is a very condensed summary of airline avionics warranty 
practices wi :h respect to a number of factors. More detailed information 
is presented in the following subsections. 
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TABLE III 

SUMMARY OF AIRLINE 
AVIONICS WARRANTY FAILURES 

Feature 

Use of Warranties 

Purpose of Warranty 

Types of Warranty 

Warranty Period 

Warranty Administration 

Airline vs Vendor 
Maintenance 

Turnaround Time 

Lost Claims 

Unverified Failures 

Disputes 

Warranty Cost 

Description and Comments 

Widespread. Trend is towards more compre- 
hensi e coverage. 

Extend vendors' responsibility to include 
field performance. 

Standard (FFW), MTBF, MTBUR, M cost 
guarantees. 

Standard, 3 years; others, up to 5 years. 

Direct clerical cost to administer warranty 
claim, $15-S35 (burdened). 

Varies.  Most large airlines do own mainte- 
nance.  Reimbursed for labor at about $10 
per hour and for replacement parts. 

Generally ranges from 5 days to 30 days 
exclusive of shipping time.  For most 
avionics, 2 to 3 weeks is typical. Until 
recently, no penalties have been associated 
with turnaround-time delays. 

Enough claims are lost to institute proce- 
dures to oiinimize the eunount. 

Ranges of 20% to 60% have been quoted for un- 
verified failure occvrrence. BITE equipment 
has not yet produce«' significant improvements, 
Cost of no-trouble-found tests ranges from 
$50 to $200, although could be much higher 
for very complex equipment. 

Major catse is interface problems. Generally 
settled through negotiation. Airframe manu- 
facturer appealed to as last resort. Care in 
examining possible escape clauses before con- 
tract signing can minimize dispute«. 

Included in equipment purchase price but 
difficult to summarize. As a percentage of 
original purchase price, a range of 4% to 10% 
per year is fairly typical. 
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3.4.1 Uae of Warranties 

Warranty use in the airlines is widespread, ar.^ the trend appears to be 
towards more extensive and definitive coverage.  A major extension of war- 
ranty coverage began with the introduction of the Boeing 747 aircraft, and 
this wider scope has been adopted by other major airframe manufacturers and 
vendors.  Although verbal agreements and "Implied warranty" have served 
well in the past, all airline personnel indicated that written precise 
warranty agreement is now a standard practice for almost all avionics 
procurement. 

3.4.2 Purpose cf Warranty 

A numbor of opinions on the purpose of a warranty were expressed. Some 
typical examples are listed below (A = airline, V = vendor). 

"Extend quality-control effectiveness" (A) 

"k'^rm of insurance" (A) 

"Protection against catastrophic losses" (V) 

"Part of company support" (V) 

"Get reliable equipment" (A) 

"Recover costs if something goes wrong" (A) 

"Marketing tool" (V) 

"Control ownership costs" (V) 

"Provide customer time to build up maintenance capability" (A) 

It is seen that no single major purpose is advanced for warranty.  Stating 
that a warranty clause extends the manufacturer's responsibility to include 
field performance would probably be considered by most knowledgeable people 
as a reasonable overall purpose. 

3.4.3 Types of Warranty 

Most of the types of warranties listed in the Airlines Wor:.d Buyers' 
Guides or shown in the sample agreement of Appendix I have been used by one 
or more airlines.  The standard or failure-free warranty is most universal. 
Current practice is to include MTBF guarantees as well, although there is 
a trend towards replacing this with a MTBUR guarantee (mean time between 
unscheduled removals). 

Some airlines have stated that they have data problems with the MTBF 
guarantee; others have had no problems.  Most airlines that hcvo.  some type 
of cost guarantee have admitted that currently they are very difficult to 
administer becau^.e of the data-tracking and accounting problems. 

Other types of  warranty agreements that are or have been u:5ed recently 
include: (a) dispatch reliability, (b) turnaround time, (c) turnaround t;;iu. 
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in combination with MTBF, (d) guaranteed spares availability, (e) equipment 
return/cost reimbursement for failure to meet MTBF goal, and (f) maintain- 
ability guarantees. 

In most recent aircraft purchases, the airframe manufacturer requires 
warranties from all avionics vendors, although specific terms may be nego- 
tiated individually with the airlines.  Most airlines prefer dealing directly 
with the avionics vendor concerning warranty action and involving the air- 
frame manufacturer only when disputes arise. 

3.4.4 Warranty Administration 

The administration of warranty claims by airlines varies.  Some carriers 
have formal warranty claim departments under either purchasing or maintenance 
divisions.  In others, the warranty claims are handled by procurement per- 
sonnel who also have other duties. 

It was not possible to obtain a substantial quantity of data on the 
cost of warrai ty administration.  A summary of the minimal data collected 
pertaining to all aircraft products is presented as follows: 

•  The number of people in the warranty-administration departments for 
three large airlines averages eight, but all noted that other per- 
sonnel (e.g., maintenance, purchasing, deta processing) also spend 
some time on warranty-administration duties. 

T ie administration cost per warranty claim (burdened) was reduced 
by one carrier from $50 to $60 down to $15 by the introduction of 
more efficient clerical procedures.  Another carrier noted that the 
clerical salary _ost per claim averaged $16. 

The forms used by the airlines for processing warranty claims vary. 
Currently, a committee composed of airline representatives under the aus- 
pices of the Air Transport Association is attempting to develop a standard 
form for airli.ia processing of warranty claims. This form would apply when 
the airline performs the repair and is to be compensated by the vendor for 
labor and materials. 

3.4.5 Warranty Period 

Most current warranties for avionic equipment cover a three-year period 
for  the  standard or  failure-free warranty.     In some cases,  where the equip- 
ment has proveT itself,   the period  has been reduced   (at some price  saving 
to  the airlinej.     Where calendar and operating times are given,   the  ratio 
of  2,000  to  2,700 operating hours per calendar year seems fairly standard. 
In some cases,   the warranty period  starts with delivery;  others account for 
shelf  life before  initial  installation;   and still others use an "average" 
delivery or  installation time as the starting basis. 

For MTBF,  MTBUR,  and cost-type guarantees,  tne period is usually five 
years,  although it may be extended if requirements are not met.     To ercount 
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for "infant mortality" problems, there may be a stated initial period over 
which the warranty is not in force, or the guarantee values are made less 
restrictive initially. 

3.4.6 Airline vs. Vendor Maintenance 

Most warranty ayreements with airlines that have approved maintenance 
capability provide the airline the option of performing its own maintenance. 
Rates for labo--cost reimbursement are negotiated (currently, $10 per hour 
is often qucced), and the vendor supplies repair parts. Frequently, the 
agreement includes a stated maximum number of labor hours for repair at the 
module or unit level. 

Most airlines prefer to do their own maintenance even though the nego- 
tiated labor rate generally will not recover all of the overhead expense. 
They ieel that the savings in turnaround time and resultant reduced spares 
requirement provide a sufficient offset.  For complex or new equipment, 
however, manufacturer repair on warranty items may be chosen initially until 
a maintenance capability is established.  Also, there is a possibility of 
conflict with union agreements if all repairs are done by the vendor. 

From the vendor viewpoint, a variety of opinions were expressed. Most 
vendors will allow airline maintenance, but they all noted that there is a 
wide variation in capability among the airlines.  Vendors prefer to do 
repairs, at '.east on newer items, in order to observe directly which types 
of failures are occurring, to track failure patterns, and to perform failure 
analyses so than they can improve the product and thereby reduce warranty- 
repair costs.A smaller vendor did note, however, that if all airlines 
returned units under warranty, their repair facilities would be very much 
overburdened. 

In nany cases vendors will maintain representatives at, .r pe"odica11y 
send them to airline maintenance centers to provide expertise and periodic 
trainir.'; of maintenance personnel.  The larger vendors have a^so establishes' 
world-v.de service centers to handle warranty claims. 

3.4.7 Turnaround Time 

The newest warranties include provision for guaranteed turnaround time 
(which may or may not include round-trip shipping time). Tne typical war- 
ranty provision involves the consignment of additional spares based on the 
equation 

N =  R{t - T) 

where 

N « number of spares to be consigned 

R ■ 3-month moving average of quantity of units per day returned 
for warranty repair 
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average turnaround time (days, 3-month moving average) 

T - guaranteed turnaround time 

uÄ^?Li^i^.t^ns^f
tl->; rexpressed by ^ ^ **- 

shipping  time).     ^hHive-daC cer!^9 *  ' ^ t0 30 days   'elusive of 
rotable pool.    A period of tl^e^ ZVrlLir^ ^ haS "^^^ - 
can be used for most avionic^i^nt! * ' rea80n*ble av««^ that 

3-4-8     Lost Claims 

to eight minioi   dollars  in^rantv re^. eVeS that a  t0tal of seven 

by his company.     The most frequently c
r*t

i2U"ement cla^ — lost one year 
failure of  Up. maintenance pSsonieltoloir80^ T I****  inade^««3; 
the need  for quick turnaround! occ^Jonallvdw'^^' Procedu«^  «nd 
whzch a warrant,  compensation'provLion^^ not «is"?. ln"hOUSe **** ^ 

Percenro?^^;;1^^^'' ^ Vend0r n0ted that ^ **** " 
of warranty crai^s'i    ^"o-r t^ the"^^ T  0f theSe'   the *™™** ucn lower than the observed MTBF would  indicate. 
3-4-9    Unverified Failures 

fied T^ttl^ZnlTs TrTtl p^clnt^ 80^" H ^^^ a" ~ 
average figure of 40 percent is oro^K, Percent have been noted.    An 
for this  relatively high rate is S^PL^^

1516
-    ^ ^0t reason cited 

action  if a co.pJnt I r^L ^      ITuATttl^-^^ ^ ^ 0f 

z^i'T. li-.i™a- "Piar^:nrr n^iun^ 
.ent)^^:1---^-- Ruction of ^(.i It-in test equip-   ' 

ing perfectly,. ^ BITE circuit L^^"   ^ thOU9h ^ Unit " WOrk- 
problems. causing a false indStlT *lso .exP*'i*™*  some reliability 
art improvements'in BS ^rS^U^ ^^"T' ^"^ «^e-of-the- 
everything ^y ^^ the .«^S^.If^^'^S^ of testing 

but fIr"\argen0n^0™fP"^'%\COnC"ni^,no-t^le-found test charges, 

mum charge of%50 appears toTe st^"^ ^  b111 "* airline-  A "^ 
although charge as high as 5750 for -  ' S^ * maXl,nUm 0f about «00, 
have occurred.  The airline will aen^?"* f* intertlal navigation system 
costs.  Specific actions hLebLn^vi: alSO be Charged for ^PPing 
by better checkout proc ^  In nn^" y airlineS t0 redUCe the8e c^ts 
for a no-trouble-found test chara- ^f^*"' ^ airline Wil1 receive ««lit test charge if the unit falls again within 30 days. 
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*  Legal disputes.  The number of legal problems resulting in court 
actions resulting from warranty provisions has been negligible for 
the airlines and vendors contacted. 

Performance bonds.  No instance could be recalled in which a per- 
formance bond or similar contractual provision was used for avionics 
procurrtment. 

3.5  THE VALUE OE THE AIRLINE AVIONICS WARRANTY 

The widespread use of warranty clauses in avionics procurement and the 
trend to increased coverage must be considered as strong evidence of the 
value airlines place in warranty provisions. The airlines are n<  sold war- 
ranties; they seek them.  No airline representative we interviewed would 
approve of purchasing equipment without at least a standard-type warranty. 

Vendors accept the fact, perhaps reluctantly in some cases, that more 
than minimal warranties are now standard practice in airline avionics pro- 
curement.  One vendor frankly stated that "warranties make us nervous". 
The reason for this feeling is clear. Although vendors try to include the 
estimated costs of warranty in the unit purchase price, a great deal of 
uncertainty exists, especially for the newer equipment. 

To remain competitive, the vendor cannot make the price increment due 
to warranty too large.  If the reliability of the product is good, the 
vendor may realize some additional profit because of the warranty. On the 
other hand, if some unanticipated reliability problem occurs, the vendor 
may incur a large warranty-repair cost.  In addition, he may have to consign 
spares and introduce costly modifications if an MTBF guarantee is involved 
in the warranty clause.  Therefore, the possible profit increment due to a 
warranty clause may be relatively small compared with the possible losses. 

Many of the airlines people interviewed expressed the opinion that war- 
ranties are not designed to penalize a vendor. They believed that the 
profit/loss potential associated with warranties will motivate vendors to 
produce more reliable equipment and to provide timely support or modifica- 
tions to Improve equipment reliability perforraance.  Warranties were con- 
sidered by some as a form of insurance whereby the buyer recovers some 
of his excessive ownership costs if the product fails to meet reliability 

goals. 

A great deal of money is involved in warranty claims. For three large 
airlines, the following statistics were obtained: 

Airline A recovered nearly $50,000,000 in warranty claims over a 
three-year period, exclusive of claims concerning serious engine 
pro^Jems, which have now been corrected. 

• Airline B recovered a total of $14,500,000 in warranty claims over 
a two-year period (1971-1972). 

• Airline C recovered a total of $11,000,000 in warranty claims for 
1972 (conservatively estimated). 
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Information obtained from two of these sources indicates thac 30 to 40 per- 
cent of these dollar values represent warranty claims for avionic equiptient. 

The MTBF/spares-consignment provision can also involve a qreat deal of 
money.  In one instance, a manufacturer had to consign 20 spares costing 
$100,000 each because of MTBF problems.  A number of modifications to 
improve reliability were introduced by the manufacturer, resulting in an 
approximate doubling of MTBF. 

Some differences were noted in the warranty philosophy of airline pro- 
curement personnel as contrasted with engineering personnel. The procurement 
personnel tend to place greater reliance in the warranty provisions and feel 
that a complete, detailed warranty clause could be a good basis for selecting 
a vendor.  The engineering personnel, however, tend to place less reliance 
on the warranty specifics and more on technical reliability factors and 
manufacturers' reputations. 

As an example of the latter, for an avionics item, one large airline 
did not select a vendor who proposed the lowest price (among seven bidders), 
a guaranteed high MTBF, the second lowest man-hours per operating hour, the 
lowest material cost per operating hour, and the best dispatch reliability. 
The engineering manager who discussed this case with us simply stated that 
this vendor had no known experience with this particular type of product 
and that he would be "scared" to commit the airline even with a warranty 
clause. 

As discussed earlier in this section, warranties represent just one 
factor in the airline procurement environment that .ends to yield relia- 
bility and life-cycle-cost values much more favorable than those of com- 
parable military applications. Although it is not possible to quantify 
precisely the impact of warranty provisions, there is no question that the 
airline community has had a very satisfactory experience and intends to 
increase its reliance on warranty for more inclusive reliability and cost 
control. 
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SECTION  IV 

MILITARY  WARRANTY  INVESTIGATIONS 

4.1     INTRODUCTION 

^/c6 regulatlons "girding  the use of warranties are covered  in the 
Armed Serves Procurement  Regulation   (ASPR) .  Paragraph 1 ^r    Within 

^id^:1810"'  a general  fUnCti0nal ^-ription 3 a^anty ifp^- 

"A warranty clause gives the government a contractual right to 
assert claims regarding  the deficiency of supplies or  services 

talnlno 1'   n0tWith8tand^ "* other contractual provisos"L- 
taining  to acceptance by  the government.     Such a clause allows 
the government additional  time after acceptance  xn which to 
assert a right to correction of the deficiencies or defects    re- 
performance,  and equitable adjustment  in the contract price or 
other remedies  ...   ." 

the scope of a warranty,  ASPR Paragraph 1-324.5 states: Regarding 

"The terns  and conditions of  the warranty clause vary with the 
circumstances of  the procurement.     The clause must  ^ate  the 
duration of  the warranty.     The clause may either provide that 
the contractor will be  liable for defects or r.onconformance 
to the contract requirements existing at the time of delivery 
or provide that he will be  liable for such defects or non- 
conformance wnich developed prior to expiration of  the speci- 
fieu period of  time or  before the occurrence of a specified 
event. 

Subpaiagraph C spates 

Where the govwrnaent specifies the design of the item and its 
precise measurements,   tolerances, materials,   tests,  or  inspection 
requirements,   the contractor's  liability for defect or ron 

thf — deuiery^1^' ^ "^ t0 ^ in «^- " 

terms for the i.em rather than consisting of specific design detaUs 

25 

Preceding page blank 

- 



to consequential dairages.  Because of the possible magnitude of such damages, 
it has been considered by many sources to be within the government's best 
interest to act as a self-insurer for this area of liability for complex, 
high-value, or hazardous items such as aircraft, ships, missiles, and other 
military systems or components or spare parts.7 

Warranty claims that cannot be resolved through the designated contract 
administrator would require resolution through the disputes clause. ASPR 7- 
103.12 provides In part: 

"Except as otherwise provided in this contract, any dispute concerning 
a question of fact arising under this contract which is not disposed 
of by agreement shall be decided by the Contracting Officer, who shall 
reduce his decision to writing and mail or otherwise furnish a copy 
thereof to the Contractor.  The decision of the Contracting Officer 
shall be final and conclusive unless, within 30 days from the date of 
receipt of such copy, the Contractor mails or otherwise furnishes to 
the Contracting Officer a written appeal addressed to the Secretary. 
The decision of the Secretary or his duly authorized representative 
for the determination of such appeals shall be final and conclusive 
unless determined by a court of competent jurisdiction to have been 
fraudulent, or capricious, or arbitrary, or so grossly erroneous as 
necessarily to imply bad faith, or not supported by substantial evi- 
dence.  In conraction with any appeal proceediig under this clause, 
the Contractor shall be afforded an opportunity to be heard and  to 
offer evidence in support of his appeal.  Pending final decision of 
a dispute hereunder, the Contractor shall proceed diligently with 
the performance of the contract and in accordance with the Contract- 
ing Officer's decision ..." 

Although this process can entail a lengthy resolution process, the con- 
tractor does have recourse to questions of fact regarding warranty claims. 
Ideally, the definition of warranty coverage should be sufficiently definite 
and broad in coverage to minimize the need for such action. 

Warranties are typically concerned with the product's ability to meet 
prescribed performance characteristics such as reliability. A number of 
plans have been considered for warrantying reliability characteristics, but 
as yet no precise standards or commonality of terms exist to describe the 
various plans.  Hughes Aircraft in their study of warranty outlined the fol- 
lowing plans: 

a-  Full-life guarantee plan - allows any number of failures consistent 
with Reliability, Maintainability, and Availability requirements of 
the operating Commands during the equipment life time, with the manu- 
facturer responsible for repair and test of each item.  (This type 
plan is  also known as failure-free warranty» see Section II.) 

DoD Working Group on Contract Warranties, June 1969. 

A 

Airborne Electronic Equipment Lifetime Guarantee, Hughes Aircraft Company, 
RADC TR 69-363, November 1969. 
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b-  ^■iJELi^lure-rate auarantee pl.n - allows a certain nurr.ber of 
failures, per unit time, above which the manufacturer becomes 
iiaoie. 

C'  f^^e-free guarantee plan - does not allow any failures, with 
the manufacturer guaranteeing the equipment to be failure-free 
for an extended period, subject to heavy penalties. 

d.  Oth£r - used to denote an ASPR type of guarantee plan.  In such 
a^plan only qualitative correction-of-deficiency statements are 

could'belsJIbli.h^'f11^^1^ gUarantees' ^ is possible that warranties 
l^dinT eSta^llsh3d for other «tility indices such as support cost per 

c^cle c^t'or s^r TIV*' ^ ^ °^^  ^our. Ttotal 11^ cycle cost for some stated operational period. 

4.2  MILITARY WARRANTY EXPERIENCE 

4-2-1 Naval Aviation Supply Office 

The Naval Aviation Supply office placed a contract with Lear Sieoler 
instrument Division, for the repair and refurbishment of 800 a7lP ^os 
The gyros are used in the A.4 and F-4 aircraft.  The warranty provX that 

wJ chever0"^9 ^  ^ ^"^ Period 0f l'^ ^urs'o'r  flvelears 
(whichever came first) would be repaired on a fixed-price basis.  T^'f^d 

I  500  houre^r1"6' fr0m the nUmber of fai1-" that would occur luring ^e 
LLr of L  °P*'*tion  and the contractor's cost to perform a repair  The 

^d to Lhieve1aeS
30

aS   T" ^ ^ ^^  ^-rved field MTBF, mod!- 
loo    llir-l    I 30-percent improvement in reliability.  The base MTBF was 
400, which when increased by 30 percent would produce a 520-hcur value  rL 

lo^fTc^lTZTZr5  t0 ^ ^^^ fr0*   (1) ^corporation of exlstjr 
^Isr^Jle^LT^^f additi0rial reliability ^~, 
nmtJ^.^V*  proyided that a11 ""its returne.! to Lear Siegler, except 
units with broken seals or obvious damage, would be repaired and tested bv 
^ar Regler withi:. the contract fixed price.  Warranty exclusxons were to 
be determined by the resident Government quality-control representative 
^contract also provided that no  additional charges would be made for'uni- 
that were subsequently found to be good. 

MTBF 3a«Sohc09rÜ; ^V"*1^^ ^ 1968, at which time, as noted, the field 

^ Ib^ut TsoZTr*       ^  almOEt 400 hCUrS; at the midyPar ^  ^ ^ad dropped 
IbiJ^v anf        ^ COntractor intensified his actions to improve reli- 
ability and, as a result, a value of 523 hours was reported in April 1^72 * 

^TSZ:O::^^T to/chieve the8e ^^ inc^^, 
lit.      ntt        £ additlon °f an  inner-race bearing nut to reduce trunnon 

aWnedarevai;ahetL:ddltl0nal ^^ ^ ^ ****'  ™* °^ ™ ^ te^^ 

'Lear Siegler,  Technical and Contract Coordination Meeting Report,   22 Juno 
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The qyro fiele reliability performance is monitored through the use of 
3M data plus data 9enerated by Lear Siegler from monitoring its in-house re- 
pair activities.  From these data, Lear Siegler has developed data-processing 
programs that develop warranty program history by equipment serial number 
plus a variety of summary reports related to configuration data, failure- 
mode distribution, and equipment-status statistics. 

To date, approximately 2,000 units have been returned for repair.  Of 
these, all but two have been repaired under the warranty. Both units were 
damaged to a point where repair was totally uneconomical.  The Lear Siegler 
contract reqjxrer that units that are returned for warranty repair but are 
later found to have no defect are processed at no additional charge.  Ex- 
perience has shown ehe no-trouble-found rate to be 16 to 17 percent of total 
returned gyros. 

Failed units are returned to Lear Siegler from either east coast or 
west coast Navy supply centers.  Average transit time ranged from 53 to 69 
days (removal to receipt).  The average ship-to-install time was 87 to 109 
days.  Overhaul facility turnaround time ranged from 67 to 89 days.  The 
warranty contract required that turnaround be accomplished within 45 days. 
Although no explicit penalty was called out in the contract, it was mutually 
agreed that the difference in actual turnaround time versus that guaranteed 
would be added to or subtracted from the warranty period. 

An added benefit derived from the study was the performance of approxi- 
mately 50,000 hours of laboratory reliability testing by Lear Siegler as 
part of their reliability-improvement efforts.  Additionally, approximately 
3,700 hours of field reliability testing of design-improved operational units 
was completed. 

One major problem encountered in establishing the contract concerned 
the securing of proper funding authority.  Since the program was related 
to maintenance, it was clear that O&M funds were appropriate.  However, the 
warranty contract was a multi-year agreement, and O&M monies may be allo- 
cated on an anrvai basis only.  Authority was finally received to fund the 
program incrementally on an annual basis. 

Overall, both the Navy and Lear Siegler are satisfied with the program. 
Lear Siegler haj indicated that the project has been profitable and highly 
useful since it provides direct feedback to them concerning the field per- 
formance of their products.  Although definitive studies have not been made. 
Navy personnel believe that the Lear Siegler units have higher reliability 
than similar units processed through normal Naval repair facilities.  Al- 
though no firm data are available, a 20-percent saving in repair costs and 
fleet maintenance costs has been estimated.  Considering the cost of repair 
only, it is estimated to be $1,150 under the Lear Siegler program, as com- 
pared with $1,100 to $1,500 for repair at Naval facilities. 

4.2.2  NAVAIR 

NAVAIR has procured two systems usiig warranties — the Radio Altimeter 
AN/APN-194 and an Onega receiver, AN/ARN-99 (V-l). The highlights of these pro- 
curements are described in the following subsections. 
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4.2.2.1  Padio Altimeter 

A procurement contract was awarded to Honeywell for a quantity of 
AN/APN-194 Radio Altimeters as replacements for the AN/APN-141.  The con- 
tract includes a service warranty providing coverage of 1500 hours or two 
years, whichever comee first. The award price is $4,900 per unit, including 
warranty.  The AN/APN-141 was prieed previously at approximately $4,100. 
The contract also requires the contractor to repair or turn around all 
returned units within 45 days. Failure to do so results in a penalty of 
0.5 percent per day of the acquisition price.  An option for additional 
warranty coverage was provided at an annual rate of seven per cent of the 

original purchase price. 

The AN/,iRN-194 procurement made use of the normal specifications, 
including reliability and maintainability demonstrations, as well as 
standard configuration-control procedures. 

Past experience with the AN/APN-141 indicated that it had an MTBF of 
about 40 to 50 hours.  Experience to date on the initial production quan- 
tity of 24 units revealed a verified MTBF of approximately 700 hours. 
This was achieved in part through the implementation of several no-cost 

reliability ECPs by the contractor. 

4,2.2.2 Omega Receiver 

A contract -as placed with Nortronics for procurement of the AN/ARN 
99(V-1) Omega Receiver.  The contract contains a two-year warranty clause. 
The maintenan e concept for this unit is to employ built-in test to identify 
a failed mo-jjle and to ship the failed unit back to the manufacturer for 

service. 

The principal warranty provisions used for the Omega Receiver are as 

follows: 

"Warranty - The Contractor warrants that at the time of acceptance all 
Supplies furnished under this contract will be free from defects in 
materirl and workmanship and will conform with the specifications and 
all other requirements of this contract and that for two (2) years 
after acceptance all failures in supplies shall be repaired in accor- 
dance with the remedies set forth in this clause: provided, however, 
that with resj-ect to Government-furnished property, the Ccntractor's 
warranty shall extend only to its proper installation, unless the 
con-ractrr performs some modification or other work on such property, 
in which case the Contractor's warranty shall extend to such modifi- 

cation or other work." 

"Right to Corrective or Replacement Action - In the event of a breach 
of Contractor's warranty or any failure in the supplies as; noted in 
paragr.-.ph above, the Government may, at no increase in contract price, 
(1) require the Contractor, at the original point of delivery or at 
the Contractor's plant, to repair or replace, at the Contractor's 
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election, defective or nonconfonning supplies, or (2) require the 
Contractor to furnish at the Contractor's plant such materials or 
parts and installation instructions as may be required to success- 
fully ac-an.plish the required correction.  The Contractor shall 
also prepare and furnish to the Government data and reports appli- 
Ca:J0 any -orrection required under this clause (including revision 
and updating of all affected data called for under this contract) at no 
increase in the contract price.  When supplies are returned to the 
Contractor, the Contractor shall bear the transportation costs from 
the original point of delivery to the Contractor's plant and return to 
the original point of delivery." 

"Right to Equitable Ad-justment - if the Cover ment does not require 
co-rection or replacement of defective or nonconfonning supplies or 
the Contractor is not obligated to correct or replace by reason of 
paragraph below, the Government shall be entitled to a reduction in 
the price of such supplies which is equitable under the circumstances." 

^om «1  üri
ly' the contractor s required to correct or replace any 

item returned for warranty within 60 days of the date of return.  In the 

Haüida^ rti0n " n0t accomPlisied' the contract provisions provide for 
liquidated damages at the rate of 3.5 percent per day, not to exceed 25 per- 
cent of the unit cos»-. r 

N., information is currently available to evaluate the success of this 

4-2.2.3 USAF Aeronautical Systems Division 

for /K 19!6' The J~in  Aircraft system Project Office and the ASD Deputy 
for subsystems compass and Reference System Section, initiated an effort 
to determine the best plan for additional procurement of the auxiliary 
heading and altitude reference system for the P/FB-111 aircraft. Previously, 

n^ao^rr" SyStem ^ been SeCUred froa  General Elect^ on  a sole-source 
c!dL to  P^OCUrement ba8iS- AS Part 0f "- Planni^ effort' it was de- 
ranS provision! CO,nPetitlVe ^ and to ^**  * l-g-term service war- 

^/fp was issued to 25 contractors, two responses were received - 
f^'iJ? ^ ^T31**'    The re8ultant contract was awarded to Lear Siegler 
M  Ja^U? S' With deUvery *> ^ started in May 1971 and completed S 
^r  OOO^^T^ ?0- F33657-69-C0^").  T^e warranty provia^l£, tor 3,000 hours or five years of use. 

37 rJ^9* the ^P^it^« Procurement, an acquisition-cost reduction of 

or wlw PT^ST; ^ ^ t0tal ByBtm   (9yr0' -P11"«' «- con^olL), 
rLlnll Jf I**        '  Ver8U8 an aVera9e of $14'969 for Previous procurement. 
The cost of the gyro was $6,040 per unit plus $2,200 for the five-vwr^r- 

ITn^ylT"^  C08t ^ ^^  0f the ^0 acquisition^ost^Ta'p.V 
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Cost of repair of the G.E. gyro unc'er contract to G.E. was $1,622 
for each repair.  The Air Force depot '.ost to repair was estimated to be 
$1,275,eventuaily reducing to $978.  Lsing tnese rates, J. L. Higgins 
showed that the hourly cost to operate the LSI unit was $2.75, compared 
with $3.03 for tie G.E. unit with AF depot repair end $3.99 with G.E. 
factory repair.'0 

Failed gyros are sent to Lear Siegler via McClellan Air Force Base 
and from General Dynamics, the F-lll contractor, w.io is also installing 
the units in new aircraft. 

To monitor the gyro performance, Lear Siegler makes use of AFM 66-1 
and the Data System Automation Program Number D057 in association with 
their in-house data derived from monitoring their repair operations to 
monitor the reference system's performance.  In addition, each gyro has 
its own time meter. 

The unit is receiving approximately 26 flying hours per month and is 
incurring approximately 1.5 times that amount in ground time,  ^t has been 
reported that Lear Siegler has incorporated two no-cost Class 2 changes in 
the gyro to date. 

No specific operational results have been reported to dat«.  The pro- 
curement section at Headquarters AFSC ..s preparing a cost-cor.parison study 
of the G.E. and Lear Siegler units.  It is expected that result« of this 
analysis will be available in July or August 1973. 

4.2.2.4 USJtF Electronics Systems Commönd 

The Electronics Systems Command has under development a solid-state 
TACAN system scheduled to be the future standard replacement system for the 
current tube-type systems.  It is designated the A.S/ARN-106 (formerly 
ARN-XXX) , and the development effort is directed toward achieving a design- 
to-cost value of $10,000 per unit and a 1,000-hour MTBF.  Competitive 
development contracts have been let to Collins Radio and General Dynamics. 

As part of the development proposal submitted, the comp..r.ing contrac- 
tors were askel to provide estimates for warranty coverage for an initial 
24-month period plus annual opti ms for three subsequent yeara for a range 
of specified prouuetion quantities.  The major provisions of v/arranty re- 
quirements set forth in the TACAN RFP are paraphrased as follows: 

Part 1 — Statement of Contractor Warranty 

•  Each TACAN set will be free from defects i.i material and 
workmanship and will operate in its intended envlroment in 

1"Major J. L. Higgins, USAF, Master's Thesis, lonq-Term  Service Warranty 
Contracts; A Case Example of Gyroscopes  purchased under Vari'unty,  Air Forro 
Institute of Technology, September, 1972. 
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accordance with the specifications of the contract. 

• Any sec not meeting such warranty will be returned to the 
contractor's plant or designated rrpair facility at the 
expense of the Government and will be repaired or replaced 
at contractor's sole option, at contractor expense, so as 
fi  operate in accordance with said specifications.  The con- 
tractor will ship the repaired or replaced item back to 
Gwernment in an appropriate shipping container, freight not 
allowed. 

• The contractor is under no obligation for loss or damage 
resultino 1 rom fire, explosion, flood, crash, enemy, etc., 
or for units whose seals are broken outside contractor's con- 
trol. The contractor will not be liable tor special conse- 
quential or incidental damages to Government property. 

Part 2 — Contractor Obligations 

• All contractor-initiated BCPs for the TACAN set will be at no 
change in contract price. 

• The contractor will have warranty-period information displayed 
on the units, showing the following: 

•• Action to be taken on verifying failure 

• • Failure-data recording 

** Packaging and shipping information 

• A 30-day turnaround time (repair) is specified. 

• Records by serial number for each unit under warranty will 
be maintained by the contractor. These records will include 
date shipped, date failed, date received, and date reshipped, 
with corresponding elapsed-time-indicator readings as well as 
the warranty period used. 

• The contractor will place these warranty provisions in all 
technical manuals that provide coverage for this TACAN set. 

• The contractor will have continuing responsibility for any 
unit received on or before the last day of the warranty 
period. 

Part 3 — Government Obligations 

• The Government will, to the extent possible, 

• • Tejt all sets at point of removal prior to return to 
contractor. 
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"    Furnish maximum failure-circumstance data and tes^ 
rMdiiw correctly recorded on AFTO 211 or equivalent. 

•• Utilize approved contain«! and packaging. 

•• Return unit within 60 days of failure although the 
warranty will still be valid if the unit is not re- 

turned within 60 days or failure-circumstance data 
are not furnished. 

Since the warranty provides high contractor motivation for total 

m?^J     '    Government agrees that all no-cost ECPs sub- 
mitted in accordance with MIL-STD-480 will receive special expe- 

^nU! f OC"Si^ thro^h  the proved cycles.  Any such ECP 
shall automatically be approved by the Government 30 days after 
receipt by the TCO except as notified in writing. 

Part 4 — Miscellaneous 

The Government representative at the plant will be notified when 
repair ma> not be covered by warranty. no^iriea wnen 

• Instructions „m be given for the disposition of units 
considered to be economically repairable. 

The üove-nment will provide equitable adjustments in price 
tor negotiating repair not covered under warranty. 

If repair time exceeds specified turnaround time, the warranty 
shall be extended day-for-day for each day in excess. 

• Removed materials will become the contractor's property as 
provided in the disposition clause above. 

Any unit that falls within the provisions of the disposition 
clause or IB declared lost shall have an equitable adjustment 
in contract price for the unused portion of the remaining 
warranty. y 

The Government will not be required to provide facilities 
tooling or equipments of any type for contractor performance 
under the warranty. 

The contractor will be required to correct deficiencies in 
accepted units at no change in price even though a failure 
nas not occurred. has not occurred 

Part 5 — Data Requirements 

S^!.1U!oith* ^«"^-"""nty procurement concept, the con- 
trac-.oi will provide the following data items: 

Warranty data report issued every six months containing (1) 
populacion information on all delivered items. iaclSJL 
serial number, of each TACAN set repaired or «pLed ^ 
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warranty, showing ETI and date and time of receipt and reshlp- 
ment; (3) analysis of TACAN failures, including aedes, trends, 
or patterns of failure from field usage, and r^oBneaded or pro- 

if    M  !^10n coverin9 correction action; (4J detailed record 
oLL ^ !!t8 di8P09itione<1 ^'ing preceding six.month 
period; (5) other pertinent data, facts, or information at dis- 
cretion of contractor. 

*• Warranty effectiveness study. Issued annually, will contain: 
(1) report of experience and conclusion, if appropriate, re- 
garding the effectiveness of the warranty concept applied by 
this contract; (2) recommendations and suggestions regarding 
warranty-clause provisions that may be of mutual benefit to the 
Governmert and industry in future procurements.  The initial 
warranty period of 24 months will extend for all production 
umtj subsequent to the acceptance and delivery of the last 
production unit. 

As noted at the outset of this discussion, AN/ARN-106 is currently 
being developed. The decision to include a warranty as part of the pro- 
duction contract remains to be made. At this time, it appears that pro- 
ject personnel view the use of warranties favorably. 

4.2.2.5  USAF-OCAMA 

OCAMA procuied a flight director system  {FD-109)  to be retrofitted 
into the KC-135 aircraft.    A contract was awarded to Collltts Radio for their 
system,  which,  in effect,  represented a modification of tneir standard 
flight director with a computation function added to provide a rotation and 
go-around capability. 

The contractual agreement provided for a two-year failure-free 
warranty plus guaranteed life-cycle cost.    The contractual rralues were 
predicated on achieving an  MTBF of about 420 hours. 

The unit,  when initially deployed,  achieved an MTBF in the vicinity 
of 100 hours.    The reliability has since grown to about  250 hours,  still 
falling short of the original  figure.    However,  it is understood that some 
disagreement has arisen between the Government and the contractor regarding 
the use of flying hours alone or flying hours plus oround time in the com- 
putation of MTBF. 

4.3     CONTRACTOR ACCEPTANCE OF  WARRANTIES 

One of the major questions of concern in accomplishing the interviews 
with equipment vendors was the degree to which vendors would be willing to 
respond to eqvipment procurements that contain warranty provisions.    As 
expected,  enthusiasm for warranties ranged from poor to highly favorable. 
However, all vendo-s queried Indicated that they would respond if those 
were the conditions imposed in the procurement.    Those vendors who 
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favored the use it  warranties felt that it constituted an ideal mechanism 
for them to observe directly how their products performed in the use 
environment and placed them in a position to improve their product to gain 
wider acceptance.  Those less optimistic about the use of warranties felt 
that it could become a marketing gimmick and as such would be subject to 
escalation, with more and greater requirements being imposed as a result 
of the competition to sell products. 

All vendors interviewed felt that it was highly important that the 
use environment be clearly specified to perm:.t adequate pricing of the 
warranty.  Irc^er specification would identify the aircraft in which the 
avionics would b*  installed and provide a reasonable estimate of the 
expected flying program for that aircraft.  They felt that equipments 
could be purchased for multiple application as 1,ng as the proportion of 
each application was clearly identified. 

Most vendors queried indicated that they would be extremely reluctant 
to permit military maintenance organizations to accomplish warranty repairs 
for which they were liable for reimbursement.  Some, however, did express 
an open mind on the subject and indicated that it might be feasible after 
more experience was ac quired concerning military maintenance facilities, 
and that such concepts could be evolved, perhaps augmented with technical 
representatives located at the military facilities. 

4.4  MATERIAL FLOW UNDER WARRANTIES 

Repair/replacement actions for most warranty contracts that have been 
thus far implemented in the military have been accomplished at the vendor's 
plant.  Failed items are normally sent through the traditional supply lines 
to the controlling depot.  At this point, they are then directed to the 
vendor's plant.  Shipping costs have been borne by either the vendor or the 
governnent, depending on the terms of the warranty contract.  Such a flow 
is no doubt the easiest to implement since it makes use of the normal 
supply channels.  However, the time required for a unit to transit this 
channel can oe a matter of two to three months, constituting a lengthy 
pipeline that mmt be filled with added spare units to maintain equipment 
on site. 

An experimental program is being implemented within the Navy that 
entails direct shipment from the using squadron to the vendor's repair 
facility, with replacement being made in the same rianner.   At the using 
operation, after the decision has been made to return the unit, a message 
is sent to the vendor that a unit is being returned.  The vendor, upon 
receiving this message, initiates action to ship a replacement unit within 
a prescribed period of time (24 hours).  The replacement iteni is drawn from 
a bond room th«t he maintains to house spare units previously purchased by 

11  The Closed Loop Aeronautical Management Program (CL'.MP) 1J being used 
by the Navy to support A7-E aircraft. 
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«L^ ^Tnli    ^"/^^ of "»• ^iled If.  the contractor will r- 
^i^ tmT   P     ! ^ ln the ^^ roam for f^^6 us«-    Although, as »entioned 
hai: ^erIt"ndS

Shel?^ ^ initially thi8 ***''  the COnc^ S OSLSSMTS' 
wtth ^^rTr/j r^t: s^reduction in the pipeiine«« "-*— 
s-v-rl?' US! 0f authori2ed shipping containers is of paramount importance 

sTtTlZT " mentiTd that one of the major probl- SSwSSS- 
succe^ul* /  USe.  ^^ containe" corrected this problem.  To be 
desianed L? T * PZOqiam ^  be "^"hed to assure that proper)y 
designed containers are secured and used for material handling. 

4.5  PROCUREMENT TESTING REQUIREMENTS 

arravTof "^,ireinents f°r continued testing (as currently dictated by the 

^2^ S^vSS"^10?!] When a Warranty is in **«*  have been 
^rclal mf;^^    /  lndlcated that ^ Producing products for the com- 
mercxal market he performs the equivalent of the Mil-Spec tests at conslder- 

el^ii^r CT K6""6
 
0f hiS "^^ t0 0r^*  thi optLllly aS tie 

oiSo^  He0 urth6 ""VS PKrOVide eXtenSiVe d—entation conce^n'g t^ir 
pr^uct's cost bv      t    ^l  SUCh f0r,nal te8ti^ could incr«««« his 
Juny share! bvotr    /*  " PerCent•  ^ 0pinl ,n' hoWever' wa8 «t H^ft^rf   5     vendors.  Some stated that some form of testing was 
consisteit L^f V"' ^f the military sPeci"cations were a rLso^bH! 
som^nf ^ meetin9 te8tin9 «^i'«nent8.  it was also noted th^t 
™s!f  ^ maJOr airline8 a" Performing in-house testing prior to the 
S™  ?ei  

a Pr0dUCt t0 Verify its P^fonnance capability.  In a^iMon 
r^e d' li" r:/^1""9 a ^^ -»»* of " toting Sl^Sr 
be Saw^ is ^it ^ T ^ T^1"0 item- The 9eneral consents thai can 
nrodn^r/ , ^ 0f testing " definitely required prior to 
d^reasefso^.' S ^ With a ^^ perha^ ItTmagniSde could be 
^TrSuced       ^ that ^ -^""ve documentation now required could 

4.6  CONFIGURATION CONTROL 

is thenLilfitve0f
U.nha,nent;1 Premiaeb  0f the fail""-free warranty concept 

cons^l^oL J: IT^TZ H^1^  -lability improvLents "e 
technical a^iv^C  « .j       he aPProv«l of the cognizant military 
retina tZ^'r war"nty contracts of this type have provisos 

could lead tT. orollf^^o  ? * ''  " *** b*  ar9ued that 8Uch ch»n9ea 
however sho« that the oo^;^ t^T ***********    *****  experience, 
is »oti^at^ to 'ncr^se rS^i6!!?8 ^ encount8^- Since th. contractor 
item to achiev° this"" reliablllt*' he ««-• «very effort to modify the 
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4.7  MANAGEMENT TATA 

Support of each of the military warranty programs reviewed required 
that the contractor supply the Government data concerning the warranty 
status of contracted items.  In the cases examined, the contractors have 
combined service-generated data with records they have gathered from the 
repair operations to develop the needed management information. 

Higgins, in commenting on the Air Force data system, noted that, in 
combination, existing data systems supply most of the needed information 
for warranty administration.12 Major data systems he believed could con- 
tribute were: 

D073 -- Management of Items Subject to Repair 

D041 — Repairable Consumption Item Requirements System 

D147 — Repairable Item Movement Control System 

6068 — Depot Repair Cycle Management System 

D057 F&G — Advanced Configuration Management System 

Of these, he believed that D057F, in combination with D041, formed the 
main data sources.  Other data sources included G072, D056, AFM 66-1, and 
the Air Force Recoverable Assembly Management System.  He also observed 
that current data systems were developed on a commodity bösis rather than 
on a system basis, thus preventing ready identification of the performance 
of a specific equipment type by a single manufacturer. 

As noted in the preceding discussion concerning the ASO-Lear Siegler 
gyro-repair warranty contract, service data systems are used in combination 
with contractor-generated data.  Table IV describes the type of reports, 
and their contents, that are currently being developed to support this 
warranty program.  The data package is more comprehensive than would 
normally be required to administer a failure-free warranty program, but the 
added displays related to failure-mode information are considered quite use- 
ful for reliability engineering investigation. 

A warranty program requiring demonstration of d system parameter such 
as MTBF would require rtpr-ting of not only failure information but success 
hours as well.  Since aircraft-utilization hours arv? commonly reported, it 
is necessary to estimate operation in hours by applying the ratio of ground 
hours to flying time.  Additionally, classification of failures becomes 
more critical and more definitive reporting is required to assure that both 
parties can mutually agree to decisions made. 

In summary, current military data systems augmented by contractor in- 
puts can support warranty programs.  It would be desirable, however, to 

12 
J. L. Higgins, op. cit. 
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TABLE IV 

LEAR SIEGLER-ASO WARRANTY REPORTS 

FTW Warranty Program Report. DUplays on a cumulative basis all available infotMtlon 
relative to a gi\ en repair/overhaul action on a given unit by FTW serial number.  Data 
displayed may be categorized as identification infoMation, incident information, re- 
ceiving information, rtpair information, and shipping infomation. 

SyBUan Status Sumnary Report-.  Lists pertinent in-out type» of data in ITW serial- 
number sequence.  It displays, on a cumulative basis, certain specific information 
relative to a unit's identification, receipt, shipment, and FTW program status with 
a specific indication of remaining warranty hours. 

Trace Data Reporte.  Provides specific data showing the time sequence of activity for 
each FTW unit.  This permits tracing each unit vith all information sequenced by calen- 
dar time.  For each serial number, a crmplete history of in, out, installed, and re- 
moved data is sequenced with action dates and clocked hours. 

Uiw-Activitjf-Unit Sumnary Report.  Lists, in order of descending number of days, those 
FFW units for whlrh no activity has been reported within 90 days after shipment from 
LSI or 60 days after a reported installation. 

configuration üata Report.  Lists configuration status of each FFW gyro by aerial number. 

Failure-Mode Distribution^ Display» a frequency distribution indicating failure mode 
versus frequency of c.currence. 

Failed-Parts Sumnary Report.  Identifies the specific part» replaced correeponding to 
failure modes and reason for replacmnent. This report displays falled-p*rt lnfe«»»tlon 
by part number, indicating circuit identification, failure node, failure cause, correc- 
tive action, and expected failure-rate change. 

Lpw-Activity-Unit Trace Data Report.  List» unit» in descending order of time oi  Inacti- 
vity but contains the known detailed information to assist tracking a unit. 

Turnaround Tune Report.  All the FFW units that leave LSI and return again after a faiftire 
are included in the analysis of turnaround time. 

Aircraft Utilization Report.  List» aircraft utilization, reported in sequence by aircraft 
BU number.  Each aircraft is reported separately, with all the data-bank infomation re- 
lated to that aircraft within time sequence. 

Stricken-Aircraft Reports. 
prior to strike. 

FFW gyros lost due to aircraft »trike», with the known activity 

Units Presumed Lost Report.  Abstracts those FFW gyro» presumed lo»t. 

Parts Usage Summary. Shows, by part-number sequence, the total usage of each part and-how 
often it is used per unit and per repair cycle. It display» part-replacement hlatory on a 
cumulative basis.  Display format la one report line per replaced part drawing number. 
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review current data ..ystems  in the U,ht of  future warranty experiance to 
ld«tify data  r^uire.ents,  U,th „ilitary and contractor,  Lr.^^tely. 

4.8    ITEM MARKING 

•w.rkJ'^ilTS proc"red ""*" warranty agreements should be ada<Mately 
T i« of Si^t'iS irlL^^r iS aVailable-    ***""* "^«ent, 

containers forwatrantadlt^0 Sh^ ['tH^Ü IZ ÄÄ" 

h. t„t fT,'^ ""' the PrOI"Sed chi",'e i6 -»" »«i^ coordlnMefwithin 

"nforLt"°'„*u^?OVet8 lte" "rkin9-  d0« "-" '*»**•' 2. -arranty 

4.9 WARRANTY CONTRACTING 

cultv^as^intf^V0 ^ MBrranty Pr°^an,s have encountered some diffi- 
culty, as pointed out in the examples cited.  The basic question is whether 

shall^ofb^in^ H0^0
 ^^ ASPR 1"324-2b 9tateS that "*  ^""ty clause shall not be included in cost reimbursement type contracts, since the 

D ^t ■ tn^SPK f ^V13^ :^SPeCti0n 0f £U^lieS -d'corr^L of Detects in ASPR 7-203.5 are sufficient to protect the Interest of the 
Government "  Paragraph 7-203.5b states that in a cost-reiZ^ent tvoe 

eluded ^Air'^6 COSt 0f ^ "P1—t or correction s^lTbfin-P 

eluded .n Allowable Costs. Thus it can be concluded that a xon«-. rm 
warran; contract must be made on a fixed-price basis secured eithe'r 
throng) negotiated or advertised procurement.  The DoD working group on 
contract warranties recommended that warranties be considered only for 
procurements subsequent to the initial and advanced develo^ent phases 
which are more amenable to fixed-price contracting. P    ' 

that "it ^.nH^r alSO reco,ranended ^at the ASPR commitlae recognize 
that it should be the DoD policy, when post-acceptance warr^t.es ar" 

^alJ0""^126^ reasonable C08ting Uctor{°* th* de -^    ^iiity 
/n** TJ?' thlS COnteXt lt appears hi^y  desirable that warranty 
be cle^id^inL11".6 lte:,in a11 proc—ts to permit nhese c^sCtc 
be clearly identified and available for cost-of-ownership am.xy«is. 

ASPR l-^rdealLf4?^9 ^ nOWJ
be1^ considered for incorporation into 

ASPR 1 324 dealing with warranties.'» Highlights of these possible 

Tl      " — 
Recommended by ASPR Subcommittee on Warranty. 
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PROPOSED MIL-STD-129E 

ESSENTIAL COMMENTS. 

ADD PARA 5.2.2.12  - WARRANTED ITEMS.    When applicable, 
boxes or packages containing warranted items shall be marked 
as follows:   (SEE FIG 4       ) 

THIS ITEM .VARRANTED FOR. 

WARRANTY TERMINATES 

(Bays,  Months,  Hours,  Miles) 

(Date,  Hours' Operation,  Milesi 

Procurement Instrument No.  

ADD  5.2.2.12.1  - Warranty information shall be marked 
with green lettärs  (Fed.  Std.   595 Color No.  U1Ö7) on yellow 
background  (Fed.  Std.   595 Color No.  13655-) and shall be included 
with identification marking. 

ADD FIG 4  

YELLOW BACKG1.0UMD  , 
TFed. Std.  595 

Co.lor No.  13655) 

GREEN LETTERS 
(Fei. Std.  595 
Color No.  14107) 

THIS ITEM WARRANTED FOR. 

^WARRANTY TERMINATES  

ONTRACT NO. 

FIG.   4 WARRANTED ITEM LABEL 

REASON:     Extensive use of warranty clauses, in DOD contracts has 
generated an urgent need to standardize the information 
to be marked on the item and unit and intermediate 
containers.    Such information on the containers is 
necessary to identify and manage items procured with 
warranty. 

EXHIBIT 1 
PROPOSED .^I^STD-129E 
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TABLE V 

SUPPLEMENTAL WARRANTY PROCEDURES 

Agency 

Army 

Navy 

Air Force 

Provisions 

None — study in progress. 

NAVAIRINST 4330.16 — NAVAIR Field Contract 
Administrative Manual.  Provides instructions 
for handling warranty items. 
NAVAIRINST 4275.2 — Detailed instructions on 
use of warranties. 
NAVORD 4275.2 — Similar to NAVAIRINST 4275.2 

AFM 67-1, vol. 1, Part 1 — Section V provides 
step-by-step procedure on determination to use 
warranties. 

suppliers  In the case of the airlines, the aircraft manufacturers will 
negotiate the warranty agreements with their suppliers, but the agreements 
will be passed on to the aircraft purchaser and subsequent administration 
will be accouplished directly between the airline and the vendor.  Military 
warranty experience has been much more limited, and most known warranty 
agreements have been directly between the vendor and the using agency. 

A warranty claim is initiated with the using activity, which, upon 
performing the appropriate equipment task, determines that the system is 
in non-compliance. Action then must be taken to package the item properly 
and prepare it for shipment. Most military warranty plans in effect call 
for the item to be sent back to the normal supply channels for dispatch to 
the suoplying contractor. As noted above, methods that would permit ship- 
ment from the using activity to the contractor are encouraged. 

Upon receipt at the vendor's plant, the unit undergoes receiving in- 
spection to ascertain if the item is admissible under applicable warranties. 
The major reason for excluding an item is that either the operational or 
the calendar tine has expired.  Assuming that this has not happened, the 
material condition must be established to see if it falls within the failure 
definitions defintd by the warranty agreements.  Most agreements exclude 
damage in shipment, unauthorized modifications, etc.  The several success- 
ful contracts that have thus far been accomplished have established the 
local plant DCAS representative as the final authority for determining 
whether an item is admissible.  In the event the contractor disagrees with 
the DCAS representative's judgment, the standard contractual disputes clause 
can be exercised. 

Once an item has been admitted with an acceptable warranty, it is the 
contractor's requirement to repair the item within a specified period.  His 
failure to do SD may invoke penalties that have heen established concerning 
turnaround time.  It is noted in the case histories p^sented that penalties 
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comprising monetary payment or the provision of additional warranty days 
have been used where the specified turnaround time has not been achieved. 

Warranty agreements that, in effect, guarantee btated levels of per- 
formance such as MTBF require that proper data be acquired to exercise ap- 
propriate judgment.  The scope of such information was discussed in Sub- 
section 4.7.  As noted, because of problems with the current military data 
systems, this form of warranty has seen little use. 

In the event the contractor does not meet his obligation, default pro- 
ceedings may be instituted against him.  An alternative avenue would be the 
requirement that potential contractors establish performance bonds in the 
event of default.  None of the cases examined required such extensions. 
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SECTION V 

ASSESSING THE ECONOMIC VALUE OF WARRANTY 

5.1 INTRODUCTION 

Although warranties offer a potential benefit to the military user, it 
should not be assumed that this procurement vehicle is applicable to all 
avionics procurements.  High-reliability units, already in the inventory, 
that can be quickly and cheaply repaired represent a case in which a long- 
term warranty is probably not economical.  This study has considered the 
question of determining whether a warranty is economically attractive and, 
if it is, the best warranty period.  A preliminary Warranty Life-Cycle Cost 
Model was developed for a failure-free type of warranty.  This model, while 
not complete in all respects, can serve as a good vehicle for providing 
initial answers to the economic question.  The assumptions, development, 
and details of this model are described in Appendix III.  The basic ap- 
proach and some highlights are presented in this section. 

5.2 THE GENERIC LIFE-CYCLE COST MODEL 

A generic model for life-cycle cost associated with acquisition and 
maintenance can be written as follows: 

Life Cycle Costs over (0, T) = Number of units bought * price per unit 

+ Expected number of failures over (0, T) 
average cost per failure X 

+ Maintenance support costs over (0, T) 

For any avionic equipment, reliability growth is possible through 
engineering design, quality, or production changes, which we will generally 
refer to by the term reliability modification.  Reliability and reliability 
growth influence the number of units (spares) purchased and the number of 
failures that will occur.  The modification necessary to achieve the reli- 
ability growth is also generally a major capital investment. 

5.3  LIFE-CYCLE COST — NO WARRANTY 

We now extend the generic model to consider life-cycle costs over a 
period (0, Tw) for a no-warranty procurement, with consideration given to 
reliability modification, initial and recurring support costs, and amorti- 
zation.  The equation we developed for a no-warranty case is as follows 
(the "o" superscript is used to denote a no-warranty procurement): 

^c^ - «"c.A, + C0  + C0  + C0  A  + C0  • T Tw     P Tu.   M0D   DMC   LISU AT   CRSU   w w       w 
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where 

LCCT - life-cycle costs over (0, T ) for a no-warranty procurement 
w 

T
w   ■ calendar time in months 

N    - number of units purchased 

Cp   » purchase price per unit 

A^,        ■ amortization factor for (0, Tw) - T^Expected equipment life 

CM0D - ^Pec^«1 amortized costs of reliability modification 

CnMti " direct user maintenance costs 

C
ISU " initial support costs 

CRSU ' monthly recurring support costs 

c 
o  Sulmodels are developed in Appendix III for obtaining N

0, C0  , and 

DMU' all three factors depending on initial reliability and the time and 
effectiveness of reliability modification.  Since initial reliability (ex- 
pressed by failure rate in the model) ia  rarely known precisely, we allow 
for a prior distribution of initial failure rate: 

(P1, A.) where pi - Prob [X - ^J, J] pi - i.o. 

i 

5.4  MODEL DEVELOPMENT 

The step-by-step development of the overall model is as follows: 

1. User :ost Per Failed Unit, C^. This is the direct cost per 

failure, including repair labor hours, materials, and necessary 
shipping/handling costs. 

2. Reliability Improvement Through Modification, M.  If A is the 
failure rate of the unit, we assume that a reliability modifica- 
tion will reduce it to MA (0<M<1). We have suggested one pos- 
sible model for obtaining M as a function of current failure 
rate and specified rate. 

3. Modification Time Distribution, f(T ). The time at which a 

reliability modification can be introduced is assumed to be a 
random variable that has a two-parameter exponential distribu- 
tion. 
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4. Cost of Modification, C(M).  The cost of modification is assumed 
to be a function of the improvement factor, M. On the basis of 
lunited data, we have developed one such function in the interest 
of ( onpleteness. 

5. Procuremnnt Size, No.  The number of units purchased is based on 

the number of operational units requii d plus the expected number 
in the pipeline (using Palm's equation). To obtain the average 
number in the pipeline, we calculate the expected failure rate 
over the equipment lifetime, considering the initial failure 
rate (or prior distribution of failure rate), the probability 
and time of modification introduction, and the modification im- 
provement. Consideration is also given to a minimum spares 
reguirement. 

6. Modification Strategy, l'.  We assume that the user will request 

a modification only if the cost of sucn modification is less than 
the expected savings in repair costs.  The development yields a 
time interval (Ta, 'T°) over which modification is profitable. 

Ia represents the minimum time before a modification can be 

introduced.  T° represents the maximum time for modification if 

X = A.. 
i 

7. Amortized Modification Costs,  C_.     The expected modification 
.     _      ... MUU 

cost is based on the initial failure rate, the cost for modifica- 
tion if X = X. [i.e., C(M.)], the probability that a modification 

is performed over (O.TJ, and the amortization factor based on the 

expected time of modification if a modification is performed over 
(0, T ). 

w 

8. user Direct Maintenance Cost of c^.  The cost is equal to 

N X0 C°  H  T 
o    FU  o  w 

where 

N  = number of operational units 

A  ■ the average failure rate over (0, T ) 
w 

Cpy ■ the cost per unit failure 

Ho = the unit operating hours per month 

Tw " the nuinl:>er of months under consideration 
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r^r: 

To calculate X0, we consider the Initial distribution, (p , X^t 
the possible improvement, M., associated with \.t and the proba- 
bility that such an improvement will be initiated during the period 
(0, Tw). 

9. Support Costs, CT_M C  • These costs involve test equipment, 

training, handbooks, etc., that must be incurred initially, plus 
recurring costs such as administrative costs and retraining. 

5.5  LIFE-CYCLE COST WITH WARRANTY 

For a warranty procurement, we assume that the user incurs the sane 
types of cost as tor the no-warranty case «otcept for direct reliability- 
modification cost. Naturally, his direct m*\ntenance costs will be much 
less and so will his initial support costs, ispecially if the equipment 
is new to the inventory. On the other hand, the user's recurring support 
costs will generally be greater because of the cost of warranty administra- 
tion. We also note that all costs expected to be incurred by the contractor 
will be included in the contract price, burdened by fee and risk factor. 

These considerations lead to the following life-cycle cost equation 
(the "i" superscript is used to denote a warranty procurement): 

LCCT
l - N1^ ♦ [C^ ♦ C^J R(Tw) (1 ♦ P) 
w       w 

+ CDMÜ + CISU S^ + CRSU Tw 

where 

C* _ - contractor direct warranty repair costs 
DNC 

R(T ) »risk factor contractor applies to costs for a warranty 
period of T itenths 

P   * contractor fee 

C* „ ■ contractor costs for modification, discounted and amortized 
MOD 

All other symbols represent the same factors as for the no-warranty case 
except that the numerical values will generally be different, a« discussed 
above. 

5.6  ILLUSTRATIVE APPLICATION 

In Appendix III, four sample procurements are presented to illustrate 
the application, and the type procurement, data inputs, and reeults are dis- 
cussed in some detail. We present here highlights from one of these illus- 
trative examples to indicate the utility of such a model. 

  



This procurement represents a small purchase of a moderately priced, 
moderate-MTBF unit that is already in the Air Force inventory.  An attempt 
was mad-» to use as many data on the existing Air Force A24G-26 gyro war- 
ranty procurement as possible, but not all required data were available 
(e.g., the current MTBF of the gyro under warranty was not obtainable at 
the time of this study). 

Table VI lists the data-input requirements of the model and the values 
we used for this sample application.  A conversational time-sharing program 
in the FORTRAN language was developed to exercise the model.  A number of 
reliability and life-cycle cost factors are calculated and outputted.  Of 
particular interest are (a) the warranty cost savings (loss) for a warranty 
period of T ; and (b) the warranty indifference price, whicn is the unit 

purchase pricu (including a warranty cost increment) that yields a life- 
cycle cost for a warranty procurement over (0, T ) that is equal to the 

equivalent life-cycle cost for a no-warranty procurement. 

Figure 4 shows the warranty cost savings as a function of the warranty 
period.  For this illustrative application, the maximum saving of $12,550 
occurs when T = 24 months, which is approximately 4.4 peicent of the cost 

w 
without warranty. 

Figure 5 shows how the warranty indifference price varies with the 
warranty period. 

Table VII presents the computer output for a warranty period of 24 
months. 

5.7  MODEL-IMPLEMENTATION ASPECTS 

While further developments of the life-cycle cost model are required 
(see Section 18 of Appendix III) , we believe that the life-cycle cost ap- 
proach for assessing the economic value of warranty is required and is 
possible.  There is no question that warranties will involve additional 
acquisition cost and that such cost increments will increase with the war- 
ranty period.  Should a warranty be used, how much it should cost, and what 
the best warrznty period is are questions that can and should be answered 
quantitatively. 

Warranty pricing is essentially a task not any more difficult than 
that which contractors and procurement officers face in establishing pro- 
duction costs and contract maintenance costs and in determining the re- 
quired number of spares based on expected reliability/maintainability per- 
formance.  The life-cycle cost model developed in this study provides a 
vehicle that both contractors and military procurement officers can use to 
make basic decisions on warranties and to establish a fair price. 

49 



TABLE VI 

DATA INPUTS FOR MODEL APPLICATION -- GYFO PROCUREMEOT 

Procurement B 

Data  Eleoent Symbol 
Gyro 

No Warranty Warranty 

Unit purchase price c; 6,040 —  t 

Number of operational units N 
o 100 100 

Operating  hours  per month H o 50 50 

Equipment  lifetime   (months) TL 
120 120 

WTBF distribution (vV .5)900 .Si 900 

'vV .5;1350 .5il350 

Specified MTBF e* 2,240 2,240 

User  labor hour., per failure «u; 60 2 

User  labor   rate per  failure CLÜ 
IS 12 

User   shipping  cost per  failure CGÜ 
20 10 

User material costs per failure CEU 250 0 

Contractor  labor hours per failure 
»LC — 40 

Contractor   labor   rate per  failure CLC 
— 16 

Contractor  shipping costs per failure CGC 
— 10 

Contractor material costs per failure CBC 
— 175 

Minimum modification time  (months) T a 3 3 

Failure rate  improvement if X ■ X 
• 

M .90 .90 

Minimum value of  F.R.   improvewt nt  factor M .25 .25 

Rate for  modification Introduction d .042 .042 

Factor to adjust modification costs for A ... .80 
warranty 

Minimum number of spares Nx 20 20 

Pipeline time   (months) TP 
2.0 2.0 

Risk factor r 0.03 0.03 

Contractor   fee P 0.10 0.10 

User  initial  support costs cisu 20,000 20,000 

User recurring  support costs CRSU 
500 800 

■(•Calculated  hy model. 
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F. .HUI 1 

TABLE VII 

SAMPLE COMPUTER OUTPUT 

♦***   WARRANTY   PEKI3D   =      24  MOS.    *♦*# 

MOD.VIME   INTEKV/AL# (M3S) 
M0-W.    WRNTY. 

!      21.0        0. 
a   2i.o     o. 

N3 WARRANTY WARRANTY 

WG.   >»TBF-(O.TW) 1146.75 10^0.00 

DIRECT   v|   CTST-USER               122433 377^ 

DIRECT   M   C3ST-CMTR.                          o 91667 

EXPCTU.   MOD. COST      T3TAL      Av|3RTIZED 
USER   (K=0) 36388 4050 
CNTR.(K=1) o 0 

T3TAL     v|rjMTsLY      737. SUp.   x   . SUp.      ;JNJIT 

C3ST(A)   C1ST<A) C3ST(A)   C3ST'A)   PRICE 

N3   WARRANTY 287^44 11977 138433 5768        A040 

WRNTY      24M3S. 274912 11455 22978 957 6931 

WRNTY.PR^F.    INCREMENT/YR. (PCT. )=   7.2* 

TOTAL   C3STS   W/3   ÄM0KT.--N3.WJW 9 15622 854752 

WARRANTY   SAV/TNGS   (T3T. AM3RT. C3ST)      S 12532 

INDIFFERENCE   W.PRICE=S     7036   (   8.24   PCT. ) 
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SECTION VI 

CONCLUSIONS AND RECOMMENDATIONS 

6.1  GENERAT. CONCLUSIONS 

ana tSTiSs^^.s'^tL:« waranties on avionic ^^ the value oi this tv^e !f n^ö    milltary «PMri«e« definitely establish 
fits are d^tiy iTttJ tTZZTtV^** ' warranty'  • supplier's pro- 
The current ^ifL he rellability performance of his product 

Although the aitün« .^V?/        dlr«"v "»"-« by th. military buyer, 

coutinuinf^p« ""eilrnüe «r^tS 'TV T" **'iPm''t f"ls-  the 

UD Jj*^,"?? P"^«1«"' P"="B definitely uees competition for both 
MO end production contracts.     (One interviewee stated that p-cduction 

pr^t:„rrt=rTdS:—^^^^^ 

the product s performance is a factor in future procurements that the 
.irllna jjy .*.. These factorSf coupled ^ ^ SST^.S^t^ pro- 
fit, provide the motivation to produce superior products. 

If, as noted in Sect ..n III, a good summary statement on the purpose 
^IT/Z/  1S ^^ rarranties exte"d -  supplier's responsibility Seclude 
field performance, what are the benefits that will acc^e in military 

S^ZS llS ""r benefitS inClUde de—trated higher reliabUity 
cöntrrctofwi   ^  .C08t-  BeCaU8e a 9reater ^^tment is made by a 
us«ir-n^   ^ ?" int0 a Warranty •W-«*. " is believed that the 
use of such provisions may discourage the marginal producers who now plaque 
the lov^prlce competitive-bid procurement situation: We ba.icaliy belled 
that most of the warranty benefits airlines receive will extenJ to the mill- 
tary environment.  It is emphasized, however, that in addition to warrantv 
th-re are other factors in the airline procurement environment that exert 

sM^ctiin UenCe8 ^ aVi0niC8 "liabilitV' "'-cycl. cost, and c^ t a 0r 
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6.2  SPECIFIC CONCLUSIONS 

Conclusions drawn from this investigation of warranty practict1« in 
the airlines and the military are enumerated below. 

6-2.1 Warranty Use 

Warranty practice is deeply rooted in U.S. commerce, tracing its 
history from implied warranties to expressed warranties in terms of the 
Unif-rm Sales Act and, more recently, the uniform Commercial Code. Airlines 
make extensive use of warranty not only for avionics procu-ement but for a 
wide range or other commodities. 

6'2.2 Reliability Incentive 

There is no certain answer to the guestion of how much reliability 
incentive warranties provide for airline avionics. Most vendors believe 
that there is definitely an incentive, but it is difficult to separate it 
from the incentive competition produces. Current vendor reliability 
pra-tices concerning design, supplier control, production control, and test 
and inspection have evolved in conjunction with increased airline dependence 
on warranties.  For the military, attempts to provide reliability incentive 
through reliability demonstration-test provisions and financial incentive/ 
penalty contiacts have not yielded the long-term success desired. 

The current military approach is based on initial reliability. A 
failure on a demonstration test is often waived because of schedule conmit- 
ments, or a contractor proposes a design or production change and is allowed 
a retest. Statistically, he will eventually pass the test even if the 
changes are of no value. More important, a controlled or semi-controlled 
test environment differs tremendously from military usage in the field. 
The fact that military suppliers will suffer reduced profit for failures 
that occur in the field during the warranty period must provide some posi- 
tive incentive for reliability and also force them to consider the real use 
environment. The attractiveness of the strategy of "buying in" and reaping 
a large profit on spares and reliability design modifications is essentially 
eliminated. 

6.2.3 Reliability Growth 

Since the military supplier will suffer expense for failure of warran- 
ted units, he is deeply interested in introducing design/production changes 
that will increase the MTBF and will do so if the cost of such introduction 
is lower than the savings in warranty-repair costs. Also, if the supplier 
is performing the repair of warranty units, he is intimately aware of 

failure modes, patterns, and trends as they are occurring in field usage 
and is therefore more knowledgeable in developing appropriate modifications 
to improve re lability. One of the fundamental premises in the concept of 
encouraging reliability growth through warranties is the ability of the 
contractor to implement reliability improvements subject only to the timeiy 
approval of the cognizant military. 
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It is generally recognized that airlines obtain a higner reliability 
than the rrill^ary achieves with comparable equipment.  Data w« have analyzed 
support this iTact.  Fcr functional comparisons where accomplishment is pro- 
vided by identical systems, the MTBF ratios generally favor the airlines by 
a magnitude of 2 or 3 to 1.  Comparisons of functions in which a military- 
conceived system is related to an airline-formulated specification shows 
that these ratios are on the order of 5:1 to 8:1.  It is believed that the 
airline's ability to maintain competition into the equipment production 
phase accounts for a major portion of these observed ratios.  It is also 
held that the use of warranties has clearly contributed to this observed 
achievement. 

6.2.4 Maintainability Incentive and Growth 

The maintainability characteristics of the equipment will benefit from 
a warranty provision for the samp reasons that the reliability benefits. 
Any reduction in labor hours or materials in repairing equipment will in- 
crease contractor profits.  On the Navy/Lear Siegler warranty contract on 
gyro overhaul, the labor hours were reduced from 80 hours to -10 hours by 
the contractor with apparently no reliability reduction.  Shorter contractor 
repair times yield better equipment availability to the user and will carry 
over to some extent if and when the user assumes repair responsibility. 

6.2.5 Minimal Initial-Support investment 

If the supplier is to provide repair services over the warranty period, 
savings in repair facilities and equipment, handbooks, training, and spare 
parts inventory will accrue.  The investment for such items can be substan- 
tial.  If the options for warranty renewal exist and are e^jreised, such 
investment need not be directly made, with costs possibly being spread across 
a broader customer base.  Even if the military using activity is to take 
over the repair burden after the initial warranty period expires, it can 
gradually build up a maintenance capability that will take advantage of the 
supplier's experience.  Also, the military may take over maintenance after 
reliability and other modifications have been introduced. Since support 
investment will be geared to the current, stabilized design, the amounts 
now spent on changes to test equipment and maintenance manuals and retrain- 
inq of service personnel will be saved. 

6.2.6 Life-Cycle Cost Control 

With a warranty provision that applies over a significant time period 
and with options for renewal, the military user can be much more confident 
in controlling costs for a significant number of life-cycle cost elements. 
This is a simple recognition of the fact that a major portion of the repair 
funds has already been allocated with a warranty provision.  If appropriate 
analysis of a warranty cost proposal has been made, presumably these costs 
are not significantly greater and probably are lower than corresponding 
cost without warranty. 
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6.2.7 Contractor Benefits 

h« A  ll  ^rrantieS benefitted 0nly the user, there would be little likeli- 
incra^ent Mr '"T^ ^ manufact-e"-  ^ pricing the warranty-cost 
increment tie contractor estimates all cost« associated with the warranty 

tTVisT^       r  'H ***  hiS n0r,nal Pr0fit factor' ^**  .ugment^d ' by a risk factor dependent on the length of the warranty period  If the 
reliability/maintainability characteristics of his product ar^l to the 
initial estimates used for pricing, the contractor realizes a f^Tprofit 
Since these initial R/M estimates will generally require military approval, 
the user will also be satisfied.  If the product exhibits better R^th^ 
anticipated (perhaps after "no charge" contractor-introduced modificatl^s) 
contractor profits are increased and the military user achieves better 
operational effectiveness than expected at no additional cost. 

These remarks are not merely hypothetical allusions.  The Navy/Lear 

lX7    I TTTiTy  contract on 9yros discussed in Section IV has resulted in 
I^VITI    "^  SUPPOrt COStS and ****>*•* ****'  and " ^s yielded the contractor a ^ery satisfactory profit. 

In addition to the profit potential, a warranty provision offers to a 
contractor a long-term stabilized work flow.  FurtherLre, by continued 
attention to the operational reliability and maintainabilitv characteristics 
of equipment in the military environment, the contractor accumulates ex^r" 
tise that should yield benefits in new procurements.      cumulate* «per 

6.2.8 Economic and Military Manpower Impact 

►h. /fiWarr£n !S are aPPlied 0n a large scale' a significant portion of 
the dollar expenditure for equipment maintenance will transfer directly to 

^.TZ f^^T^'    ^ eCOn0miC ***«*  of this Possibility is certainly 
an area for further research.  In the same vein, extensive warranty use will 
tend to reduce greatly the requirements for military maintenance personnel 
With the recent elxmmation of the draft, an approach that reduces the need 
for skilled military personnel offers attractive possibilities. 

6.2.9 Design to Cost 

We have encountered some comment that including a warranty clause in 
a procurement contract would conflict with the prevailing "design to cost- 
philosophy.  We believe that a warranty provision not only compLents 
design-to-cost but provides, finally, a strong rationale for theT^bidder 
approach to source selection. low-oiaaer 

With design-to-cost, unit purchase price becomes the equivalent of a 

vieri;nn" rrarneter; i>urcha8e Frice piu8 the in^^ s Jrs^tj yields a much more relevant dolla. 'nvestaent value in the low-bidder con- 
cept than purchase price alone.  The purchase price olus the^arranty in- 

co^rth^   aCtUally r!PreSent a 8i^ificant Portion of the JS^U 
costs that accrue over the warranty period. *e therefore believe that there 
is merit to requiring separate cost proposals for purchase price War- 
ranty-price increment in order to evaluate conformance to an «LSng 
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d«algn-to-cost requlrenent and still provide a basis  for realistic cost 
evaluation. 

6.2.10 Warranty ippllcatxon 

To achieve a more workable warranty, it is important that the agree- 
ment be established with as few exclusions as possible.  Although this may 
be more co?tly initially it is believed that in the long run it will be 
more profitable because it eliminates disputes and the situation in which 
material is tied up while the disputes are being resolved. Additionally, 
broader coverage is expected to reduce the administration cost attendant 
to monitoring the warranty program. 

Although the warranty period that optimizes the life-cycle cost savings 
is a function of several variables, it is important that the warranty period 
be established for a long enough period to perniL securing the benefits that 
a warranty may pro/ide. 

To use warranty effectively, the product must have reached at least 
initial de ign stability, and it must be possible to make reasonable esti- 
mates of its expected performance characteristics.  This clearly indicates 
that warranties should be applied to only production contractual situations. 

Since warranties represent a prepaid maintenance cost, if proper claims 
are not exeicised, then this represents money spent for which no return is 
achieved.  To be effective, it is necessary to establish the proper admini- 
stration procedures in association with securing warranty contracts. 

6.2.11 Warranty Cost 

It is clear that the warranty provision costs th-. contractor additional 
funds, which are generally added to the initial purchase price. These costs 
typically may r.inge from 4 to 10 percent of the initial acquisition price per 
year of coverage. 

The airline industry is convinced that warranties pay dividends over 
the added cost that they place on acquisition.  Further, thoy view warranties 
as a type of insurance that provides protection against systems which may 
give them serious problems. 

6.2.12 Warranty Acceptance 

Military-equipment contractors will generally be willing to respond 
to procuramants containing warranty provisions.  However, tJ'.ey all stressed 
the importance cf clearly specifying the use environment, .-tont  contractors 
would be reluctant to permit military maintenance organizations to accomplish 
warranty repair for which the contractors are liable for rwiabursament. 

6.2.13 Warranty App.1 ication Problems 

We now consider the possible special considerations, problems, arc; di - 
advantages associated with warranty clauses in military procurement of 
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avionic equipment.  A detailed discussion of each is presented in the 
following paragraphs. 

6.2.13.1 Disputes 

Unless a warranty provision is very broad in coverage,  the vendor may 
honestly believe that a warranty claim is not valid.    This situation will 
occur most frequontly when the equipment fails because it is exposed to 
environmental stresses that exceed anticipated levels.    User damage caused 
by mishandling, damage while in transit,and questions involving warranty 
termination may also lead to disputes. 

With regard to environmental stress,   the approach that avoids most 
disputes is to include all failures as relevant except those types which 
are specified in detail  in the contract.     Besides the advantages of mini- 
mizing disputes,   this type of broad coverage forces the contractor to con- 
sider envirorurental  extremes in his design/modification strategy.     It 
would be quxte natural  to exclude failures due to obvious gross abuse 
combat damage,  unauthorized or improper user maintenance/repair actions. 

The policy of providing the resident Defense Supply Agency Quality 
Assurance Representative with authority for judging the validity of a 
warranty claim has worked well  in several military warranty procurements. 
The contractor naturally has the right to appeal under the military con- 
tract provisions 

6.2.13.2 Warranty Administration 

There is no question that administration of a contract with warranty 
proviGions introduces additional admiristrative problems if for no other 
reason than that it represents a departure from current practice. Although 
shipping a warranted unit back to the vendor for repair should not involve 
anv greater procedural difficulty than shipping a non-warranted unit back 
to a depot for repair, some special administrative actions will be required. 
First, it is most important that the warranty items be clearly identified 
to minimize losing warranty be. fits. Maintenance and supply personnel 
must also be trained in handling and shipping warranted units so as not to 
void the terms of the warrant.  The special data requirements of warranty 
clauses will also require administrative action.  Finally,responsibilities 
and procedures for warranty contract disputes should be addressti. 

6.2.13.3 Wnrranty Procurement 

Procurement with a warranty provision introduces complexities not 
normally encountered. A fixed price is being paid for future guaranteed 
services.  This creates problems in funding, in legal questions, and in 
assessing the realism of the price and the value of the warranty. The 
fact that several warranties are now in progress for several years and will 
be renewed, and others a.re just now being implemented, suggests strongly 
that these procurement difficulties can be overcome.  However, some of 
these procurements involved intensive government effort to circumvent or 
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resolve the procurement problems. Changes in ASPR and deciiions on fund- 
ing should be made as required to allow for routine treatment of procuring 
under warranty. 

6.2.13.4  Unverified Failures 

The rate of unverified failures is quite large, both in military and 
commercial applications.  The handling, shipping, and test costs that will 
be incurred by the military for such unverified failures sent back to the 
contractor can be significant.  In the current Navy ASO/Lear Siegler war- 
ranty procurement, no additional cost is incurred to the Navy for unverified 
failures. The philosophy behind this approach is to involve the contractor 

directly in this problem so that he will Institute design changes or recom- 
mend maintenance procedures that will reduce the unverified failure rate.15 

Also, this approach eliminates one significant area of possible dispute. 
While its purpose is laudable, most contractors would probably prefer speci- 
fic authority to charge the military for unverified failure actions rather 
than attempt to estimate such costs in their warranty pricing. 

6.2.13.5 Pipeline Time 

An often expressed concern of contractor repair with warranty is the 
greater pipeline time such procedures will yield, when unit repair can be 
performed at the flight-line or organizational level, this may be true. 
Howeve», for depot repair, we see no particular reason for any appreciable 
difference in pipeline times; and in some cases contractor repair can pro- 
vide significant reductions. To reduce pipeline time, sever il contractual 
and procedural policies can be adopted. 

One procedure commonly used by the airlines is to include a guaranteed 
contractor turnaround time with a penalty for failure to comply. Airlines 
use a spares-consignment approach, although a financial penalty is also 
possible.  It would probably be to both parties' interest also to include 
some positive financial incentive for reduced turnaround time. 

Another procedure is for the contractor to maintain a pool of rotable 
spares purchased by the military. Upon failure of a warranty item, the 
contractor is TWX'd by the using activity and a replenishment unit is 
shipped inmediately to the using activity. After receipt and repair, the 
failed unit enters the rotable pool. This pipeline management approach is 
to be tested soon on A-7E avionics through a program known as CLAMP (Closed 
Loop Aeronautical Management Program). 

6.2.13.6 Reduced Military Self-Sufficiency 

There is no question that the military will suffer reduced self-suffi- 
ciency over the warranty period when contractor repair is the usual warranty 
procedure. We shall not attempt to explore the rationale of uho need for 
such self-sufficiency but do note that in World War II, and in the Korean 

,50. Markowitz - Aviation Supply Office (Navy) - Philadelphia, Pa., 
personal interview. 
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"e^8 Ln n^rtr^^^r^functions on Biut^ iSZt. 
afflirt IK. ÜL   8tfiJt«. bankruptcy, or natural dlaaater that may 
afflict the contractor is a factor that mu.t ba con.id.rad        y 

on thllo^eSTS ^tZinvolvir9 co,Bplex •quli-nt **- h-viiy 
con.ultation    lert^    ä^^!•rVlC•; ,J*r* »"*■ ^P1^ ■* t^hnlcal 
tinual main^nancftr^nln^/i      a!T.U,in9 *c£lvlty c*n contract for con- 
during the wa^ntv n!^9 ^ ,DilltÄry P««or.--Sl by th. »anufacturar 
of r^aJr clSn^ " ' prot9Ction •**** —«« a^ canp.eta lo.. 

6-2.13.7    Data Re<|uiraB».nt8 

^ch ^Jo^"86 lnfon,Ätion conc^ing failure, .o that he »ay Sllll 
much infonnation as poa.ible for inetituting d..ign improvement.      Jhlrtiy 
if options for renewal exi.t,  in order to develop an .quitable price 
.tructure,  the history of pr.vlou. warranty practice w^l^ pSw. 

6-2.13.8    Effects on Small Contractor. 

We believe that there is MM element cf truth to the statement th,t 
a long-term warranty provi.ion ma. pre.ent po..ible rLta tTTZIff I 

lllZllTl*::1* di8COUra9e h^ enters ^'p^ur^^^   0    "" 
cau^ ^      lane,CO,np!nie8 Can ***** *",oxb «»• lo»"« * warrwty may 
la«! ^^f101^^^ "utility probl«. „e encountered.    Yet m^y 
USnTSSa r860"*"* TOn-i-t of much «alLrprefit-centered organi- 
zatlons, making overall sice perhaps less important than it first ann^r- 

note that many mall avionic. vendors do ..11 to airlin.. with »«rr.ntv 

6-2.13.9   Compliance Ae.urancs 

toSli f^:       *" t0 ■•xl'J" P«rfor«nc..    Th. mplly^t rf^to^Lc. 
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6.3  RECOMMFh-DATlONS 

A number of recommendations are made in this section with regard to 
the future use of warranties for military avionics procurement. 

6.3.1 Warranty Application 

The expanded use of failure-free type warrdnty is recomnended since 
it is the type most easily administered and is moat compatible with existing 
supply and maintenance administration aystems. MTBF, MTBUR, and cost-type 
guarantees should be considered only if improvements in current data and 
record-keeping procedures can be made. Warranty provisions should be 
applied only to fixed-price production and maintenance contracts. 

6.3.2 Application Criteria 

Criteria for selecting equipment that would be candidates for warranty 
coverage are enumerated as follows: 

• The unit should be field-testable. 

• Moderate to high initial support cost should be required. 

• The unit should be readily transportable to permit returning 
to the vendor's plant. 

• Tl e unit should be generally self-contained and not highly 
dependent on outside units to perform major functions. 

• The equipment maintenance concept and reliability characteristics 
should permit achieving readiness requirements in an economic manner. 

• Specific knowledge concerning the anit application in terms 
of expected operating time and the use environment is necessary. 

• The product must be sufficiently develop'  that reasonable 
estimates of the expected reliability and . »intainability may 

be made. 

6.3.? Warranty Provisions 

Warranty provisions for avionics systems should continue to exclude 
consequential damages.  Warranty plans should be formulated to provide the 

fewest exclusions possible. 

Unless the unit has a very low MTBF and high-cost transportation prob- 
lams, it is best to have the vendor perform the repair at his plant. For 
the very-low-MTBF, complex units that would cause difficulty in shipment, 
vendors possibly can have personnel located at major Air Force centers. 

Future warranty agreements tkcald place constraints on the turnaround 
time the vendor must achieve on units returned .for warranty repairs. The 
use of a consignment-spare penalty is suggested since such an arrangement 
will maintain rdequate systems support to offset spares unavailability due 

to lagging turnaround time. 
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For warranty returns, the vendor should pay for shipping back to the 
user.  Negotiations on who pays transportation charges to the vendor should 
be conducted for each application. 

As a very general rule of thumb, the warranty period for a failure- 
free type warranty should be at least three years for new units. However, 
this figure .nay actually be increased or decreased if a detailed warranty 
cost analysis is performed to show that the optimum period is some other 

value. For older, proven systems, it is possible that this warranty 
period of three years may be reduced. Unless there is a great possibility 
of variation in operating hours, it is suggested that the warranty period 
be based on calendar time. 

If the production run is not too extensive (one year) , it is probably 
best to use a single warranty start time, such as average production deliv- 
ery d^te.  Therefore a single warranty end-date will be in force, rather 
than different warranty end-times for the units. 

6.3.4 Warranty Procurement 

On research and development projects, the government should state its 
intention of incorporating warranty provisions in the production contract. 
In this manner, the developing activity will design the product with the 
thought of warranty profit through good RSM characteristics. 

A cost analysis such as that outlined in Chapter V shou^. be performed 
for each proxjsed warranty application.  Such an analysis investigates the 
relative cost in warranty and non-warranty situations and examines the cost 
of varying warranty time periods. 

Warranty costs should be priced separately so that appropriate warranty 
and life-cycle cost analyses can be performed. This will also permit an 
evaluation of a design-to-cost reguirement. 

In the procarement contract with warranty, options should be provided 
for warranty renewal.  However, it is probably best to leave the terms of 
such renewal open for negotiations based on the results of the initial war- 
ranty period. 

6.3.5 Warranty Development 

A warranty administration guideline should be developed to provide 
instructions to procurement, supply, and maintenance personnel with standard 
procedures and guidelines for securing and administering warranty contracts. 
A further part of this effort would be the formation of a set of standard 
terms and definitions applicable to the various warranty plans. 

Efforts should be made to standardize the item and packaging warranty 
marking. 

A training program should be considered for key procurement, supply, 
and maintenance personnel relative to the use oZ  warranty procurements and 
administration. 
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Additional emphasis should be |Udccd on the ..ujlity to provide m the 
field unambiguous qo/no-go testing for warranty-covered items (non-warranty 

items would materially benefit from such an effort as well). 

Service data systeirs and data-analysis products should be reviewed to 
determine how they can be modified to provide data products to support war- 
ranty administration. As ar interim measure, warranty contracts siould 
continue to require contrad.or-supplied data products to describe equipment 

performance. 

DoD should promulgate a policy statement encourajinq the expanded use 
of warranties.  Final clarification should be provided in regard to warranty 
funding.  The recommended course of action is that initial production systems 
be funded with production monies, but that warranties on subsequent replenish- 

ment buys and warranty renewals be funded with O&M funds. 

A study snould be initiated to review and possibly eliminate or simplify 
some of the current R&M production testing and documentation requirements 

when warranty provisions are in effect. 

6.3.6 Phase II Recomendations 

This report constituted the completion of a Phase I effort directed 
toward an initial review cf warranty usage in the airline community and the 
military as well. As part of this effort, it was established that it is 
possible to determine the value of warranty on an economic basis.  Chap- 
ter V of this report presents an initial effort towards evaluation of the 
costs asso-iated with the failure-free type warranty plan. Aithough Phase I 
was a limited effort, it was found that data are available to support this 
type of analysis.  It is thus concluded that a Phase II effort would be of 
value in providilfl a more in-depth analysis of alternate warranty plans. 
including a validation through the application of the models to a selected 
equipment development program.  Deta.Is of the Phase II program were for- 
warded under separate cover to cognizant program monitors. 
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APPENDIX I 

AIRLINE WARRANTY AGREEMENT 

Exhibit 1-1, presented on the following pages of this appendix, is an 
example of a comprehensive airline warranty agreement.  It contains most 
of the provisions commonly used at present in the airline industry. 
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Exhibit I- I 

A COMPREHENSIVE AIRLINE WARRANTY AGREEMENT 

I.  WARRANTY 

1.  The "Seller" warrants each system, comüonent, and 
spare part furnished to the "Buyer" 

a. to be free from defects In material and workman- 
ship, and manufactured in conformance with all 
applicable drawings, specifications and other 
written agreements; 

b. for a period of 36 months after delivery or 8000 
operating hours, whichever shall first occur; 

c. to be merchantable and suitable for the particular 
purpose for which designed; provided that such 
products are installed, stored, maintained and 
used in accordance with any service and/or overhaul 
manuals, service bulletins and information letters 
furnished by Seller, and provided further, that 
such products are not modified in any manner by 
the Buyer, and that such products are not installed 
or used jn any manner not reasonably anticipated 
by the above referenced instructions and specifica- 
tion requirements; 

d. that should any such defect develop in those pro- 
ducts within the time specified above, where such 
products are installed, stored, maintained and usüd 
in accordance with Seller's written instructions, 
and are installed and used for the purpose for which 
designed In a manner reasonably anticipated by such 
instructions and by Seller's specification require- 
ments, then Seller agrees to repair or correct such 
defects, or to exchange such defective part or pro- 
duct subject to the terms of Section II -- Warranty 
Administration. 

?.  Any product or part approved by seller for repair or 
exchange under this warranty will be repaired or exchanged 
without cnarge, but In no event shall seller be liable for 
any consequential or special damages due to said defects. 
The purchase and acceptance of seller products shall con- 
stitute a waiver by the buyer of any and all claims 
against seller for any such consequential or special 
damages. This warranty is intended as a product warranty 
only, and seller makes no warranty against latent defects 
in, or against injuries to property or persons resulting 
from, any use of such products. 
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Exhibit l-l (continued) 

3.  The rights and remedies of Buyer and of Seller by this 
Warranty shall not be exclusive of other rignts and 
remedies provided in law or equity, except to the extent 
that the warranties of Seller or the rights and remedies 
of Buyer are expressly limited by the provisions of this 
Warranty. 

A.  .his Warranty shall inure to the benefit of the Buver 
its successors a'-.d assigns. ' 

II.  WARRANTY ADMINISTRATION 

1. The Warranty set forth shall be admiristered as hereinafter 
provided. 

2. All warranty repairs, corrections, and replacements will be 
at Seller's expense, provided that such defective part or 
product is delivered prepaid to Seller's designated main- 
tenance and overhaul representative.  The return by 
Seller to Buyer of corrected warranty equipment will be 
made at Seller's expense to Buyer's facility.  Warranty 
claim determinations will be reasonably made based upon 
reports from Seller's regional representative, historical 
data logs, inspection, teats, findings during repair, and 
failure analysis.  In the event that the defect or failure 
cannot be confirmed, then Buyer shall bear the expense 
of shipment to Seller's factory and return shipment to 
Buyer's facility, plus the cost of testing the returned 
part or product. 

3. Systems, LRU's, or parts presented for repair will be 
accompanied by the following documentation: 

a. A written request for repair under Seller's warranty, 

b. Nomenclature, serial number and part number of the 
LRU. 

c. Reason for removal, including a brief description 
of failure data. 

d. Buyer's name, aircraft registration numoer, and 
location of facility at which the unit or assembly 
was removed. 

e. Location to which unit or assembly shoula be returned. 
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5. 

Exhibit I-l (continued) 

H^l  iS reafonably determined in the Joint Judgment of 
the Sr ^ Selir that  it  ls not Fricticaltf return 
shalWa^  e

rff^tmbly ?0 Se:Ller,s Pl«t for repair.  Seller 
tlon    Ü'/Sf eCt repair or cor^ctlon at Buyers loca- 
r™ir lo^lJepalr I*?1 be effected at Seller's field 
^Mift1  c ^0n: 2r  ^  Buyer shan effect repair at his facility subject to the terms hereof. 

shan^ppi'yf'6 t0 Utilize option 4 (c)' the allowing 

a.  Buyer will make a conscientious effort to establish 
the cause of failure, extent of failure and the re- 
wl?h ^ity K' the fallure- Thls information! along 
^ ? r number> serlal number and functional test 
data (where applicable), will be submitted to Seller 
with each claim. 

b'  Srt^f^Vf?* Seller  is ^^Ponsible for all or 
ltll< hf fai:Lufe' B^yer is authorized to make such 
repair as is required and invoice Seller for its 
Agreement6 0f resPonslblllty ^er the terms of this 

C*  -^f?nty/Spalpa consumlng less than three (3) hours 
shall not be considered a part of this Agreement 
* i 5 -,VMPetitivc tyPe failure prohlen occurs. 
Scheduled "unit Bench Test" and/or "Shop Checks" 
shall not be considered a part of this Agreement. 
^n? JP0SeS 0l  thl3 Warranty, a "repetitive failure" 
shall be one which occurs two r more times in the 
same unit within a sixty (60) day period. 

d. Units repaired under this Warranty shall be on an 
Inspect and repair as necessttry" basis. 

e'  if^M^Ü haS a malfaction and is overhauled by Buyer lii?! the warranty period at Buyer,s optlon s^llej: 
exnendPrt r?H reJPonsible for any portion of the labor 
?h«r^?r h!f tha^that Portion directly related to 
that malfunction which caused removal of the unit 
from Its place of installation. 

f'  !2?JI~PÜ ls4J
eflned as the minimum labor necessary to 

return a unit to a serviceable condition. 
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Exhibit 1-1 (continuid) 

g. A written "WARRANTY REPAIR CLAIM" (3 copies each) 
shall be submitted to Seller (Attention: Manager, 
Product Support) requestin»; a credit to the Buyer's 
account equal to the number of direct labor hours 
expended multiplied by an hourly rate established 
as set forth in paragraph h. hereof. 

h.  For repair of "in-warranty" units pursuant to the 
terms hereof, Buyer shall be reimbursed at a nego- 
tiated annual hourly rate per man-hour of repair 
and test, with no overtime provision. 

i.  For any single repair incident, the maximum number 
of man-hours for which repair and test reimbursement 
will be provided is six (6) man-hours. 

j. After repair of each unit by Buyer, the remainder of 
the original warranty will apply, except for ensuing 
failures resulting from Buyer workmanship. 

k.  Reimbursement for warranty repairs shall be made by 
credit memo every sixty (6ü) days. 

1.  Buyer shall summar^ ,■, month by month, for reimburse- 
ment purposes, all repairs performed during the period 
of validity of this Agreement. 

m.  All values shown in claims must be in U. S. dollarc. 

n.  Seller reserves the right to: 

1, Assist in the verification of findings, and to 
periodically witness the repair of units. 

2. Review each claim in detail. Including request 
for additional data, prior to final acceptance. 

o.  Reimbursement of failed components. 

1. Replacement will be on exchange basis, at no cost 
to Buyer.  A oopy of the warranty claim should 
accompany the failed components.  This replacemetvf, 
should be done simultaneously with the warranty 
claim whenever possible. 

2. Products deemed defective by Buyer must be returned 
to Seller freight prepaid.  After repair ^r repiaco 
ment, Seller shall return such products friLght 
prepaid. 
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Exhibit l-i   (continued) 

III.     GUARANTEES 

Reliability Guarantees 

Seller will guarantee  the 
MTBF  is  applicable  to  the 
LRU' s 
period 

LRU's  as  shown below.     The 
average MTBF of all  Seller's 

in operation by Buyer throughout  the applicable 

3. 

5. 

Guarantees 

On Aircraft Labor 
Off Aircraft  Labor 
Material Maintenance 
MTBF  -     0-24 mos. 

2b-6o mos. 

x man-hour/fit.   hour 
x man-hour/fit.   hour 
x dollars/fit.   hour 
x hrs,   Qo% growth curve 
x hrs,   80^ growth curve 

Administration of cost  guarantee  to h*  i»  ^ 

nolTxclt^lTciT^ ^a™!1 eSCalatl0n Whl0h Shan 

dita w??rifi0?ted,^roraft enters revenue service      ?he 

will be made available  on a no-charge consignment basis. 

^rresponSe?oSaWSiie^fed ?ü a monthly measurement 
Seller's  oh??CT^ 

e!   (3)  münth movlng average. 
Shiin V  o?liSa1;i0ns under the Ml'BP guarantee Drogram 

cuyer s  aircraft  Into revenue  service. 
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Exhibit l-i (continued) 

(ill) 

(iv) 

7. 

fhTl/wl7tt^m^r  fallures Sha11 not ^unt in 
IT^V^orT^Ts':    The f0ll0Wing are con- 
aa.  Certain part failures which do not in any 

way affect the normal functions and perfor- 
mance of the system and which can be repaired 

and wMch^r"1.0' an ^ fr0m the aircraft and which do not cause aircraft delay. 

additional Requirements - At all times while In 
Buyer's possession the equipment shall be subjected 

Failures^hS6^ Wlthln SPecifNation requirement. 

Srac^ld'ent^ ?ete^ation! ^iuJe6' fel^Tln, 
irom accident, or improper maintenance shall 
not count in the MTBF determination? Operation and 
maintenance procedures shnn >^ ^ ^ ^ex-atxon ana 
thP flirr>-paf+ ^  ?:   snail be in accordance with 
wi?h SellSK S!fa^inS and malntena.nce manuals and 
nishJ Ü n  maintenance and overhaul manuals fur- 
ei^r«ft J yer  ^ the case of conflict between 

mLrSariastw?iTpaJeSva?ld.Seller,S ^^   the Seller,s 

In the event the average MTBF calculated for any LRU's 
la operation in a calculation period is less thL thP 

"aTnoX; SeilerH
Shall consign'addlt^onarsp^e units at no charge based on the following formula: 

n = NS G-A 
IT 

n 

Ns - 

G - 

A - 

Maximum number of additional spare LRU's to be 
consigned to Buyer under MTBF guarantee program 
This number shall be rounded to the nearest whole 
S8^ bUt n0t leSS than 1>  and shaJInot exceed 
A ?IlcS5iaarteioLnR?,S ^"^^ aS üf the date ^ 

o'rtLTL^ofÄ^ai™;^?^?^60 ^ ^^ ** 
Guaranteed MTBF for the LRU. 

Actual calculated MTBF for the LRU. 
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Exhibit 1-1 (continued) 

b. Failure classification will be mutually agreeable to 
Seller and Buyer.  If no agreement can be reached, 
then failed unit shall be subject to failure analysis 
prior to classification. 

c. If additional consignment units are required to be 
furnished by Seller to Buyer heremder, Seller shall 
ship such units to Buyer as soon as reasonably pos- 
sible, but no longer than 6o days afW completion of 
the MTBF calculations by Buyer.  Bu^er shall notify 
Seller if the indicated number of consignment units 
exceeds Buyer's requirements, in which case. Seller 
shall be obligated to supply only that quantity re- 
quired by Buyer. 

8.  Return of Consignment Units 

Any LRU's consigned under the provisions of Paragraph 7, 
shall be shipped to Seller as soon as possible, but no 
later than 60 days after an MTBF calculation in which the 
system meets or exceeds the previous internal MTBF calcu- 
lation. 

IV MANUALS, DATA, TECHNICAL ASSISTANCE 

1. Seller shall furnish, at no cost to Buyer, a reasonable 
quantity of sets of all operating, maintenance, overhaul 
and parts manuals conforming to ATA Spec 100 required for 
the installation and maintenance of the units.  Service 
bulletins and such revisions to the above manuals and data 
as may be necessary to reflect revisions in operating, 
maintenance, or installation procedures shall be furnished 
promptly. 

2. Seller shall provide the minimum engineering information 
and data necessary for the installation, service and 
repair of subject equipment by Buyer. 

V PATENT PROTECTION 

Seller agrees to indemnify and hold Buyer harmless from and 
against any and all loss, cost, damage, expense and liabilitv 
(including reasonable attorney's fees) resulting from the in- 
fringement or alleged infringement of any United States or 
foreign patent or patent right by reason' of the manufacture, 
use, sale or resale of the Items sold by Seller to Buyer 
hereunder; provided, however, that this' indemnification pro- 
vision shall not apply and no right to indemnification here- 
under shall arise with respect to any claim, loss, cost, 
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Exhibit 1-1 (continued) 

damage, expense or liability unless Buyer gives Seller 
written notice of aiy matter with respect to which indemni- 
fication will be sought hereunder promptly upon the receipt 
or obtaining of knowledge of such matter by Buyer.  In the 
event any claim is asserted or threatened, as to which Buyer 
will seek ind^mniv'ication hereunder Seller shall have the 
absolute right to defend against, settle, compromise or 
otherwise dispose of said claim, including but without limi- 
tation thereto, the right to contest or litigate the same 
through counsel of its own choosing, and Buyer agrees to 
cooperate with Seller fully with respect thereto at no cost 
or expense to Buyer. 

VI  SPARE PARTS, SERVICE AND TRAINING 

1. Seller wjll make available to Buyer spare parts, accessory 
equipment and/or components which are now, or will here- 
after, be manufactured either by Seller or by others to 
Seller's design or order, and which are not readily avail- 
able on the commercial market, in adequate quantities to 
meet Buyer's needs for repairs and replacements with 
respect to all products purchased.  Components will be 
sold and delivered with reasonable promptness upon receipt 
by Seller of Buyer's order at Seller's prices prevailing 
at the time of receipt of each such order.  Such prices 
will be reasonable and will be firm for ninety (90) day 
periods following the issuance of respective price quote. 

2. Seller agrees that the spare parts which it has the obli- 
gation to make available to Buyer will be available at its 
factory or at other suitable designated points. Delivery 
lead time required for such parts shall in no event exceed 
one hundred twenty (120) days. 

3. Seller will provide ATA-100 type operating, maintenance 
(including exploded parts view) and spare parts manual to 
all Buyer's of Seller's equipment. Such manuals will be 
registered to Buyer and Seller will maintain all changes 
or additions to each specific manual. In addition. Seller 
will supply Buyer with a current spare parts price list. 

4. Seller will maintain an FAA approved overhaul station at 
its facility.  Such facility will be staffed with 
technically qualified service representatives fully 
competent to accomplish repair and/or modification of 
Seller's products. 
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3. 

Exhibit I-l (continued) 

Seller will provide training for Buver's maintenance 
personnel in the operation, malnter. ace and overhaul 
of products at its plant during scheduled periods of time 
to be mutually determined by Buyer and Seller.  Seller 
will also engage in field support activities at all domestic 
Buyer's facilities as required for sufficient field training 
and product support.  Seller will recuire no payment for 
reasonable amounts of such training s'ervice 

VII  PRODUCT SUPPORT 

A.  General Terms: 

3. 

4. 

Seller shall furnish all the elements of Product 
Support outlined in this Agreement at no cost to 
Buyer, unless otherwise specified herein. 

Seller shall comply with ATA Specifications 100, 
101, 200 and 300. 

Seller shall have, or agree to obtain, adequate 
facilities and qualified personnel to provide Buyer 
the proper support of its products and equipment as 
long as at least five (5) aircraft equipped with 
this system are in regularly scheduled operation. 

Seller shall require of its lower-tier suppliers, to 
the extent applicable, the same product support assur- 
ances granted Buyer.  In the event such lower-tier 
suppliers fail to comply, the Seller will then assume 
and fuxflll the necessary obligations at no additional 
cost to Buyer. 

B.  Spare Parts Provisioning: 

1. Seller shall supply initial spare parts recommendation 
data and revision service to Buyer at no additional 
charge. 

2. Seller shall, at no charge, provide continuous revision 
service for all provisioning data until such services 
are discontinued by mutual consent. 

3. Seller shall provide, without charge, qualified per- 
sonnel to assist Buyer in the initial provisionin? of 
the system, if so requested by Buyer. 
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Exhibit 1-1 (continued) 

C.  Spare Parts Marketing and Inventory: 

1. Seller shall maintain a stock of Insurance spare 
parts, in sufficient range and quantity, as to meet 
Buyer's normal recurring and emergency operating 
requirements.  Such material shall be maintained in 
a manner and location sufficient to provide for 
delivery to Buyer within thirty (30) days of the 
receipt of a routine purchase order or twenty-four 
(24) hours on an emergency basis. 

2. Seller warrants that all spare parts purchased from 
Seller by Buyer shall, at the time of delivery, be 
in a proper configuration for installation on Buyer's 
aircraft.  If Seller ships incorrect spare parts to 
Buyer, Seller shall make immediate no charge correc- 
tion and bear all costs of transportation related to 
the return and reshipment of such material. 

3. Seller shall permit Buyer to fabricate, or permit 
others to fabricate, spare parts in the following 
events: 

a. If Seller becomes bankrupt or insolvent. 

b. If Seller suspends manufacture of its products or 
cannot at any time produce at a reasonable price. 

c. If Seller fails to fulfill its obligations under 
this Agreement. 

d. At any time that such spare parts are needed to 
effect emergency repair and Buyer can obtain such 
items from another source sooner than Seller's 
quoted emergency delivery schedule.  In such cases, 
the warranty for any component or part shall lie 
with the Buyer or supplier of such component or 
part. 

4. Seller shall promptly provide price and delivery 
quotations to Buyer upon request and such reply will 
be by the same media through which the request was 
transmitted.  Routine mail request shall be replied 
to within ten (10) calendar days after receipt.  Tele- 
graphic requests shall be answered by wire within 
twenty-four (24) hours after receipt. Telephone 
requests shall be answered by phone within eight (8) 
hours if the information is not immediately available. 
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Exhibit I-l (, included) 

:>;il';; rihall accept purchase orders from Buyer for 
y.y   -j^rr:  part.-: perteining to teller's products er-d 
---.I. p-omptly act upon such purchase orders.  Seller 
.hall urther acknowledge each such purchase order tc 
fZ LI    Wrltlng Wlthin ten (10) calendar days from 
'hall con^.in^l^ thereof-  Seller's acknowledgment 
ohall contain delivery information, notice of changes 
price  and such other information as may be required 
for the specific transaction. required 

D. Spares Pricing; 

^  and^et'f^h'irr? Pri?eS Sha11 be fair and reasonable 
Sicef Sh«n ™J formal price list.  Such advertised prices shall remain firm for a period of on^ (1)   -ear 
from issuance, at which time a. revised price list mav 

nine?WQ6l T'l  ^-^ PriCe liSt mus? be issued ninety (90) days prior to the effective date to Buyer. 

E. Packaging: 

1.  Seller shall package all spare parts sold to Buyer in 
accordance with ATA Specification 300.        J 

F. Order Administration: 

1. Seller shall establish qualified personnel within its 
organization to regularly administer orders, Inquiries 
and technical services required by Buyer wi h resoe't 
to Seller's products, spare parts .-nd data. 

2. Seller shall provide a point of contact for emergency 
ordering and technical inquiries on a twenty-four (2I) 
hour day, seven (7) day a week basis. [      ' 

77 

      IMIIIII  _„J_»^_J —t—_—, „..,_-J^...„^_.JJJ    .      



.'.!W IHI*WW^ MJWIJM .-li«iJ!!"ttJ»WB?)BinWil|> lÄÄÜlHI 'l-LA. J,l,! i Ü U i|W.pv ^IIJJI^ ^ W.^MMW^flB^WBPWKpBP^IBVJJiWill.iilt H JI-HWÄIJWU111 u WH^.^wninivppnv^iRllifV Jl U-U U. 111. s4.i J,. -I I 1 i^J^Wl JIIIBPWI||^( 

APPENDIX II 

FAILURE-FREE WARRANTY PROVISIONS 

The failure-free warranty provisions shown as Exhibit II-l were de- 
veloped by Lear Siegler, Instrument Division, being derived from their 
current contracts fiv^i Aviation Supply Office and U.S. Air Force contracts, 
In setting forth these provisions, they have made the following comments: 

1. Since all products and their specifications have individually 
distinctive characteristics, this will require some minor 
modifications and/or additions to these clauses. The clauses 
should be used only as a standard starting point. They are 
not intended for use in a pure "cook book" fill-in-the-blanks 
approach. 

2. The following FFW clauses are a combination of the most work- 
able ones from both of the original Navy and the Air Force 
FFW contracts. 

3. There are several individually numbered characteristics which 
normally vary from product to product that must be identified 
for each product considered as a candidate for the application 
of the FFW procurement concept.  If the Contracting Officer 
and/or his technical counterpart will obtain the information 
identified in these individually numbered characteristics and 
write them in the numbered blanks, it will be a relatively 
simple process to then fill in the correspondingly numbered 
blanks marked throughout the proposed warranty provisions. 

4. Since these warranty provisions come directly from two cur- 
rently existing contracts, it is assumed that they have passed 
the legal reviews of both the Navy and the Air Force. 
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INSTRUCTIONS FOR APPLYING EXTENDED TERM/FA I LURE FREE WARRANTY 

That« nerranty provisions ars dlvldsd Into four (4) Mjor ports. 

PART I -   Statsmsnt of Contractor Warranty 

PART II -   Contractor Obligations 

PART ill -   OovonuMnt Ob 11 flat I cms 

PART IV -   Niscalianaous 

Ths key individnai characteristics  listed below constitute ali required 

Information to fill   in the blanks of the attached model  provisions. 

First develop a   list showing your selected values/nomenclature, etc., 

to be used for the characteristics  items   listed below. 

Then  insert value nomenclature for the  item corresponding to the number 

(N)  in each of the correspondingly  (N) numbered blank spaces. 

(N) - NUr-SER KEW FOR FILLING THE BLANIC OF THE   INDIVIDUAL CHA'WCTERISTICS/ 
FFW WARRANTY 

1. Name of the Unit 

2. Contractor's Name, Logo or  Initials 

3. Contractor's Model Number 

4. Contractor's  Part Number 

5. Controlling Field/Depot Test Spec or T.O. 

6. Quantity of Operating Hours Warnnted - 
(ttorranty max.  duration  in unit operating hours, 
usually only BO/90% of anticipated average unit 
flight program, pi us ground operating time for 
calender warranty period.) 

7. (^jantity of Years Warranted - (Warranty max. 
duration  iii years - usually  10/20? longer than 
that period required to experience average unit 
flight program. 

Exhibit II-l 

INSTRUCTIONS  FOR APPLYING EXTENDED TERM/FAILURE FREE NARRANTY 
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6. ^jantlty of Days Warranted (Sat same as 7 above) 

9. Aircraft Type Des I gnat Ion(s) using Warranted Unit 

10. System Designation using Warranted Unit 

11. Field/Depot Test Set Designation 

12. Using Servi.ce Test Record Tag or Form 0 

13. Federal Stock 0 of Shipping Container 

14. Contractor's Authorized Warranty Repair Station 

15. Minimum Number toys - No Incentive "Turn-around" 

16. Maiciinum Number toys - No Penalty "Turn-around" 

17. 12 Months Less Than Total Warranty Term in 
years/days 

16.    Total Quentity of Units Under Warranty 

;?.    ACO or PCO I, Symbol 

20. Using Sen/ice Operational,  Logisl ic and/or 
Maintenance Data System  Identifier 

21. A fixed f usually  150? or more of most or all the 
field level acceptance test values.    Those values 
nust be set to allow some degridation  fron "as 
new" mfg or overhauled/repaired units,  but when 
operating to their expanded   limits rrust  still 
furnish acceptable  input to the other  inter- 
facing boxes of the system 

Exhibit II-l   (continued) 
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FAILURE FREE WARRAMTY PROVISIONS 

&1 SYSTEMS 
(2)_ MODEL (?) 

EaÜ_L - Statement pf Contractor Warranty 

3. 

5. 

SInUh!?    i 9 $°vernn,ent  '"Pectlon and acceptance of supplies and servlc« 
ZlSri c th'» contract o«- «nv Provision of this contract concerning 
t^e conelus.vfiness thereof the contractor warrants that each        Ylf 

iSilc^a^r;. K -T®-. FSN unl+ ^rnistfd under 
opira5rIi?h!n/5ii   ! IK"   ^ defeCt5  '" materia    and ^kmanship and will 
as «Ifif IS^^      ^ S,n9,e Va,ue ^'"-ance res.irenents tor the unit 

^ H TT-^     tor the first      Q      hours or      Q     years 
Ittaiili in ^YS      &  ,nduction' *hichever fiT^oSSics. when ^eMy in- 
stalled m the (D aircraft as part of the _jQL___ System 

2. 
^M«H I ""'^.♦"•■nished under this contract which falls within the warranty 
Z\n£      !MK     'S returned t0 contractor's plant or  designated repair 
facility, at the expense of the Government, shall  be repaired, or replaced. 

Me ^Mn t^    +
SOie.0Pti0n'.0t nVShan9e  '" COntracT  Price so « 'o °P«"- 

IhL«    Th I"      lm!tS 0f  Q- " specified in Paragraph I 
llZl'i *"      aS reP,aced shal1  be delivered to the Government  in the 
r««?! L"?-!"1^ sPec,f,ed "V this contract. FOB contractor's plant or 
repair facili*y,   freight not allowed. H 

5liJ^Ic« tÜe Prov,tions of Par+  ,v' P-ragraphs 2, 3, and 6, and except 
T*K    ^ V   C    WOUId not have burred but for the fault or negligence 
of the Contractor,  the Contractor shall not be obligated tö repair or 
replace any such unit warranted here under which   is   lost or damaged by 
1^«*+    transportation,  handling,   tire, explosion, submersion,   flood, 
aircraft crash, or enemy combat action, unless such   loss or damage occurs 
on premises owned or controlled by the Contractor. 

4.    At the Gcvernment's option, units declared lost or stricken may be replaced 

rZ.HTV      t    
C\Pa,'i t0 the C:jntract°r *^ » non-warranted unit and 

IVZZ      t:a?5f!:red cred,t of remaining warranty coverage from the re- 
placed i-n^t   m the amount mutually agreed upon by the Contractor and the 

Except as prov.ded by the clause entitled Inspection and Acceptance, 
contractor s ob I.gat ions, and the Government's remedies   for repair and 
^SMSU!    ' !re !0lelY and exclusively as stated herein,     In no event 
Lmgel      COntraCt0r be ,,ab,e for s^^ consequential or  incidental 

Pflr^   II   - Contractor Qblloatlooy 

Initiated -eliabi llty/malntalnabl I Ity ECP's  for the unit 
er normal ANA Bulletin 445 procedures.    See also Part  III. 

I. All contractor .,..,„,,„ , 
•hall be covered per normal 
Paragraph 3. 

2"    ll! I^«!01" sha,' C8U5Ä.0 ^'^le end pronlnent display of the follow- 
ing Informat.on or   it. equivalent  In addition to the standard  identification 

Exhibit ll-l  (continued) 
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plate, to be placed on the surface (s) of the unit to Insure reasonable 
vIslbHity when  Installed and/or removed. 

1. Warranted '/roAjct. 

2. For   (p ET I  hours of CT^ years  ( (j)  days)  f 
Initial shipment,  whichever  first occurs. 

ran the date of 

3.    If this unit  fails within the warranty period, the following action 
nust be taken by the using activity: 

a.    Verify the failure on the appropriate Test Set, Oj) per      (^) 

b. Record  failure circumstance data and   line tester  findings  on (jjj 
or equivalent, 

c. ftckage  in original  container,  FSN         flj)       or equivalent and return 
both the unit and  fai lure circumstance data to 04) , 

tag 

Within   120 days after receipt of award,  the contractor shall  submit  to the Gov- 
ernment  for approval  the  proposed wording, content and replacement of this   intorm- 
atlon.    Material  su itabi I i ty and method   (s)  used to apply   it to the unit sha 11 
also bo suUnitted at this  time  for Government approval. 

3.    "iurn-aroind Time - Serviced     0_; 

The turn-around time  for units   input   for servicing under tha^Fai lure Tree 
Warranty provisiorr of the contract  shall average   05)  to- (ij)   days. 

Further, on the   (T?)   to   (\6)   day  turn-around time, an  incentive/penalty 
sha 11 be applled as  follows: 

(I) A contract average turn-around time (date received to date shipped 
by contractor) shall be developed and included as part of the data 
requircmenls as in FF',7 reocrt. See Part II, Para. 6 (A) "FFW War- 
ranted Products System Status Report". 

(2) -© months after the beginning of the warranty  period 
this avcage sha I I: 

(a) Be determined as - , i.e., more than (jj) days or less than 
(\?} days. 

(b) The difference shall be multiplied by the number of units 
experienced to that dato and then divided by the quantity 
of      I     under  warranty ^ITh 

(c) The Warranty  period  for  each warranted unit  shall  then be: 

Shortened   fincentive),  or 
Lengthened (penalty) by that amount depending upon 
whether the average determined in 2a above is less 
than £}2)d5yr.  cr T=ro thsn ^days. 

Exhibit II-l   (continued) 
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If the resulting average I« between ^fl days 
and(födays, no change shall be made. 

4. The contractor shall maintain records by serial number for each unit under 
warranty.    These records shall   include, but not necessarily be  limited to 
date shipped, dato failed, date received, date reshipped, with corresponding 
elapsed time indicator readings as well as the warranty period remaining to 
be used on each unit.   These records shall be made available to the Govern- 
•ent upon request. 

5. The contractor shall place these warranty provi^ 
Manuals that provide coverage for this    _ 

MS to ons  in alI Technical 

6.    Data Reguiremento 

The contractor shall agree that   in conjunction with the warranty to be 
supplied hereunder,  the contractor will  establish and maintain a  data 
system capable of ossimi lat irg the data  inputs required to provide The 
following data  products   for the 
These data products shall  be processed aT 

i  inputs req 

arra subm'+t 
of, but not necessarily be   limited to the follu*' 

ed quarterly to resist 

(A)    FFW Warranted Products System Status Report. 

This report shall   present  the print-out of a ccmi-  ahensive 
overview of  program status and shal1  show:     (1) Warranty 
days and hours,  shipped,  used, and remaining.     (2)    All   four 
(4)    pipeline quant ities of units shipped,  returned.   In the 
field,  in aircraft, at    (7)      and stricken.     (3)    average 
aircraft and _Mj ut 11 izafToii rates ground-to-air opT'-'ing 
ratios.     (4) ireSn-Time-Between-Return and Mean-Tirr -be  «een- 
Fa! lure. 

(B) A narrative synopsis of  FFW-Warranted Products System Status 
Report. 

(C) FFW - Unit Status Summary-MTTR-MTTF Report: 

This report will  show:     (I,    Each FFW unit by Serial  Number. 
(2)    Elapsed clock time and cycle completion  date for each 
ship-to-return cycle completed by each unit.     (3) Entries 
appearing on the report   for the first time are to be nigh- 
llghted.    (4) The  latest known status of each unit  is to be 
shown along with the action date.    (5)    A two-part summary 
»hall appear at the end of this report to show:    (a)   Incre- 
mental Mean-Timo-To-Return and Mean-Time-To-Fal lure by cycle 
by month for each of the preceding twelve months,    (b)    MTTR 
and MTTF  figures to date by cycle for each of the preceding 
twelve months, 

(D) FFW Units Presumed Lost Report. 

TMs report shall:    (I) 
•trlef-en aircraft.     (2) 

List those units presumed  lost aboard 
Show serial number and installation 

Exhibit II-l   (continued) 
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(E) 

date, aircraft type,  bureau number and strike date,     rj)  Ols- 

IIü Zr% ^rlat8d bv both th*air"«^ «nd tJ. m Hi 
£2 I       '"tallat.on and str.ke dates b. displayed  ^ese 

FFW Unit  - Low Activity Report: 

cates    SalutSTi'. Un,tS whose  ,atest record  ;ndi- 

&rf   "l - Governwent  Ob 11 cat inn 

I.    The Government  shall,  to the extent  possible: 

«.    Test all  units on applicable fTi\ *     . 
t Point o.  remova.^r.or  11 r*Mo CCr^T'  " SSL 

b.     Furnish maximum  failure circumstance d^t* ..„w +„.4 
recorded on            fa\ tao nr  ™       ^ta and test  read.ngs.  correctly 

 1^)  Tag or  equivalent. 

d.    Return each unit  within sixty   (60)  davs  to tk. I   n 
Including  the  furnishing of  recorded   fa iurlr 7   >CCurrence 

(rh •__ ^° , 'a. lure circumstanced data on 

'is JvLrnea-w,   ~: Z^lVXöl  ÜT^!   1"  the eVen1  d  Unit 

2.    The Government  win   be resDon<i i h ii.   i™- _. •   *   ■   • 

Notwithstandinc this so^rl^i   rsr~-„r. 

Stand as o.iicLlI    a^ro ed b  ^5^ ^  ^ ECP 6ha,, •»♦«•♦««11* 
th«_Ä_ symbol      A        unC!  tK 

men    30 '"^ a'ter '"«•»PI  by 
n^lTt^nT? s-&;ova  C      'h:h

CO
r
ntraCt0r ^ rcc--d -''ten' s  oisapproval   from  the Government  pr.or  to that  date 

sr«ll  Outonat,colly  rel.tv«'trl UpplV  e"cn^ '   ^^  oletnents 

t*. In^t date  is suppMed'by the L^nUn;      "" *' Un1,l ^ t"nC-nd 

Exhibit II-1   (continued) 
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Part  JV - Mltc»llan*ouS 

1. Upon the receipt of the returned unit at contractor's plant or rapalr facility, 
the resident 0CA5D Quality Assurance Representative shall determine whether 
repair   is required under This warranty. 

2. Disposition:     (Applicable only to Part  I, Para. 3 »Hve)   Each unit returned 
under this contract   tor warranty support that, upcn examination at the supplier's 
facility.   Is not considered to be economically repairable by the Government 
shall be declared non-repairable -nd disposed of by the contractor as directed 
by the     (19)   . 

a. The contractor shall have the right to assert charges tor any 
reasonaMe services  pertormed by the contractor as directed by 
the     1[9)       in connection with the disposition ot Government  property 
herein above described.    Any irateria.s required to be turnished by the 
contractor   in connection with shipment  ot such Government property 
shall  be regarded as Direct Materials   tor which the contractor shall 
be entitled to reimbursement. 

b.     In no event will  the contractor  be allowed to retain the dlspositioned 
unit unless he reimburses the Government   tor   its value to him. 

3. I'  the Government  dire;^s the »-epair ot a unit damaged by one ot the causes 
set   torth   in Part   I, Para.  3, an equitable adjustment   in 'ontract  price 
will  be negotiated tor sucn repair. 

4. Transfer ot Warranty Credit 

If, within 36 months after date of   initial   shipment under contract   (induction). 
an article  is determined to be out of  warranty  tor any of the following 
coiditions:    Unauthorized Repair/Open ing,  Obvious Carnage,  Lost Stricken«, 
Uspositioned, "0" Activity«;  the unit may be returned to »arranty or have 
the remaining warranty credited and/or transferred to a   like unit by applying 
one of the  following options: 

•NOTE   I 

Option   I 

Criteria   tor Lost/StricVen and "0" Activity Units shall  be 
the appearance ot  tne same FFW unit  serial  number on any 
two (2) consecutive quarterly Presumed Lost & Stricken 
and/or Low Activity Report. 

The urn * returned to the Contractor and the Contractor, at his sola dls- 
e. jtlon, electing to repair the unit as  It the sai    unit had failed for 
causes covered by warranty. 

Potion 2 

Tha unit rorurnad to the Contractor with authorization from the Ga/ernmant 
to repair and cherge the Government  tor all repair costs except those which 
would have been  Incurred and covered by the warranty. 

frtlOT a 

Tha Government providing failed replacement unit either new or existing 

Emibit II-l   (continued) 
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■^^^ 

non-FfW unit, paying the Contractor »or tha initial induction/repair 
•t th« contract price and directing the Cootractor to transfer *• th 
remaining warranty to the replied unit. 

the 

Option 4 

By wutuil consent of both Government and Contractor: transfer** re- 
maining warranty from damaged-dispositioned and/or lost and stricken 
units »3 other active FFW units under this contract. 

It shall  be  incumbent  on the Contractor to notify the Government of all units 
requiring any  ot  these actions within 30 days of  receipt  of the unit or contract 
report showing units with one or more of  these conditions. 

•*Note 2:    a)     If Government authorization   is received by the Contractor 
within 60 days after   initial  not I f icat ion by  the Contractor 
to the Covernmenl,   the warranty  shall   transfer on a 
pro-rata basis   from the date of  the second report. 

b) If Governmrnt authorization   is  not  received within  60 days 
after  not ;f icat ion   from the Ccnlractor,  the warranty shall 
transfer    from the date the authorization   is  received or 
mutual  consent achieved. 

c) In no event  shall  any  transfer  or other adjustment be 
made after 805 of  the calender  warranty  period has been 
used.     Further,  the calender  warranty  expiration date 
of  the replacement  unit  shall   be  the same as   for  the 
original   replo.ed unit. 

Lost and stricken units  which are iubsequently   found and returned to the 
inventory shall   be returned to warranty and the Contractor  repair   for the 
full  warranty  period that  was  transferred and/or  credited to some other 
warranted units. 

5. All material   removed  from any unit  repaired by  the contractor or any unit 
replaced pursuant   to this warranty  shall   become contractor's property 
except   as  pr;'id?o   in the disposition provisions  hereof. 

6. The Government  shall  not  provide ^w   (i.e.  additional   facilities,  tooling 
or  equipments  of  any  tvpe  lor con. ractor   performance under  the warranty 
unless   it   is specific   lly negotiated .it   the time of  basic contract award. 

7. If  the Contracting Office determines  that a  deficiency** exists   in any 
of the units accepted by the Government  under  this contrdct,  he shall 
promptly notify  the contractor of  the deficiency,   in writing,  within 
45 days after  discovery of  the deficiency.     If  the contractor   independ- 
ently discovers a  deficiency   in acceptec  supplies,  he shall   promptly 
notify  the Contracting Officer   in  writing.     Upon  discovery or notifi- 
cation cf a  deficiency,  the contractor  shall   promptly  submit   to the 
Contracting Officer  his recomendations   for  corrective actions,  together 
with supporting   information   in sufficient  detail   for  1 ne Contract mg 
Officer to determine what corrective action,   if any,  should be undertaken. 

•• Defined  (for the purpose of this  paragraph) as   failure of a unit to mci-t 
(a) the requirements of (y\ 

Exhibit II-l   (concluded) 
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APPENDIX III 

A LIFE-CYCLE COST MODEL FOR EVALUATING 
A FAILURE-FREE WARRANTY PROVISION 

1.  INTRODUCTION 

In this appendix, we develop a model for evaluating the life-cycle 

conSac'TorvlJor a failUTfree -«-* P-vision'under whtch^ 
rSSTltS ^SH el ^ "T"1*11^ for "Paring or replacing 
(o2«Zr Si o wa"anty Provision applies for a specified time period 
vi«^ wn?        "aerating hours or cycles).     To be effective,  the pro- 
aro«rah, M aPPly t0 a11  typeS of failu"s «cept thosi due to 
gross abuse or mishandling,  combat damage,  aircraft crash,  or simUar ex- 
treme operational conditions. «unnar ex- 

Since the supplier  is responsible for n-Dst  item repairs or replacements 

co^socialed^ijrrH^100'  S 2?!"11» Wil1 ^ t0 ^XeTe^ 
price      ?he n^h ^      V4"*"^ obli^tion ^  i^lude them in the unit 
price      The purchaser  is also interested  in evaluating warranty costs  in 

S^JST^I ^ie^^" ^ "" a ****-**•* -rran^pro^sioris 
suTOlier^rn^J *      *      ™ Warranty P*"^'   ***   O)   the realism of supplier-proposed costs associated with the warranty. 

with rfaUurrf/6" I ^^ ^ eValuatin9 the life-cycle costs associated 
^»ent * ^^Tr^ PrViSi0n in the ******* ^ defense avior^ 
3 ^      ^ iS develoPed to ^ appllca^:e during the development 
and preproduction stage, when consideration of a warranty provision for^T 
production contract  is most  important. Provision for  t». 

condiMonr^K1"^65 0nly COStS that "y Vary with ««rantv terms and 
cons der^d       STLÄL!^ aSSOCiated with "»—^ the equipment are not 
«^o?! ^ addltion'   we consider only the major cost elements -  for 

rSutSTSL?!! t0 rrPrr ^  ^ at a ,Bllitary dePot-     Such details as inflation rates are excluded.     Submodels to quantify some of the cost 
elements included herein and techniques to account for   inflation rates    etc 

Uf^ycle'coTtir ^ ^ a ^ " ^ ^ ^^ ^^Z ™        ' 

^ISaS^l S aVi0wiC ,*'<>""t  is  ^P0^  to avoid the complications 
associated with items that exhibit a wear-out failure mechanism. 
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2.  PREMISES AND ASSUMPTIONS 

The major premises and assumptions under which the model is developed 
IS follows: r are as follows 

InlZ«  , * 0,r  "' 0f SUCh "^»«itf that base meintenance 
involves only removal/replacement and failure-verification tests. 
Repair is perfomed at depots or contractor facilities, therefore, 
base sparing is at the unit level. 

The failure distribution of the avionic equipment is assumed to be 
exponential with the failure rate, X. 

At the initial procurement stage, the value of A is not known, but 
data on similar equipment and application of reliability prediction 
and evaluation techniques will yield an expected distribution of A. 
which, for mathematical simplicity, is assumed to be discrete 
(P1, AI).  For a no-warranty procurement, if the observed failure 

rate is poor, the user will request a modification to improve relia- 
bility if the cost of such modification is less than the expected 
savings in repair costs. For a warranty procur«ent, if the ob- 
served failure rate is poor, the contractor will attempt to intro- 
duce a no additional cost" modification to improve reliability if 
the cost of such modification is less than the expected savings in 
warranty-repair costs. •• •« 

If a modification is desirable, the time at which it can be Intro- 
duced, Tm, is governed by a two-parameter exponential distribution, 

-d(T  - T ) 
*(Tm,   -a.     -     a,Tn>v 

The expected reliability improvement due to a modification is a 
function of the ratio of actua.T failure rate to specified failure 

In establishing a unit price under warranty, the contractor will 
T^XSi  hi? r JSkS, (includin9 the possibility of having to introduce 
a modification) and Include the cost of such risks In his price. 

!?7i!^Ü ! ,nodific*tlon is directly related to the amount of 
reliability improvement. Because of the sole-source envirorwent 
^r£!^ SÄ a T^"1^10" "ithout warranty, the price the user 
pays for moclficatlon without a warranty may be greater than the 
lltll  inCrr?nt chÄr9*d under a competitive procurement when a war- ranty provision exists. 

Although a warranty provision will have life-cycle-cost implications 
™~ -K  Warranty V™  «Pires, we consider life-cycle costs only 
over the warranty period. The primly reason for doing so Is that 
dJ^o*     *«r«nty provision »ay have options for renewal. The 
decision on accepting the option and the terms of the renewed war- 
ranty agreement will naturally be made after cost and failure data 
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accrued during the initial warranty period are evaluated.  It is 
therefore believed that including this type of decision in the model 

would not be productive. 

However, since the warranty period may be less than the equipment 
lifetime, we will amortize all user investment dollars (initial and 
modification cost) on a straight-line basis in order to provide a 
fair coreparison of costs associated with varying warranty periods. 

3.  THE GENERIC LIFE-CYCLE COST MODE! 

Wo now introduce a generic lite-cycle cost model to indicate the scope 
of detail we arc considering and to develop some basic concepts and notation. 

The three major cost elements considered are the initiax acquisition 
costs, the direct costs associated with a failure, and the indirect costs 
associated with maintenance support. The generic model will then take the 

following simple form: 

Life-Cycle Costs over (0,T)  = Number of units bought * price per unit 

+ expected number of failures (0,T) 

x cost per failure 

+ maintenance support costs (0,T) 

As a notational convenience, we reserve the superscript k exclusively 
for distinguishing between a non-warranty situation (k = 0) and a warranty 
situation (k = 1).  Thus if Cx is used to denote a specific cost, Cx will 

be used to indi ate that this cost may depend on the existence of a warranty 
provision — tl.e cost without warranty denoted by Cx and with a warranty 

denoted by r1. 

We now can write the generic model as follows: 

L~r„ 
w 

NkCk + N  ^ H  T  C* + C* 
p   o    o  w  r    s 

(1) 

where 

LCCk - life-cycle costs over (0, T ) associated with warranty 
T w    evaluation 

Nk = minu.or of units purchased 

C^ = purchase price per unit 

xk 

number of operational units 

average failure rate over (0, T^) 

operating hours pex month per operational unit 
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T    ■ warranty period In aonths 

c    - direct user cost per failure 

- maintenance support, coets 

As a further notatlonal convention the subscripts U and C will be used 
to differentiate between user and contractor.  For example, If C_ represents 

shipping costs per failure, C* represents shipping costs to the user when a 

warranty provision exists and C      Is the corresponding shipping costr to the 
contractor. 

USER COSTS PER FAILED UNIT 
-* 

If a unit falls, the user Incurs costs with or without warranty.  These 
include on-alrcraft removal/replacement costs, test and repair costs, shipping 
cost, and material cost. Thus 

cin * »£, CT„ + cjL + C* (2) FU     LU  LU   GU    EU 

where 

C„., - user direct maintenance cost per failure FU r 

k 
H       -    total user labor hours per failure 

C       -    average user labor rate per failure 
LAJ 
k 

C   - average user shipping costs per failure 

k 
C   "    average user material cost per failure 

5.  CONTRACTOR COST PER FAILED UNIT — clL 
FC 

If a warranty exists, the contractor Incurs costs associated with repair 
of failed units.  It is assumed that without warranty, no costs are Incurred 
by the contractor.  Hence, 

, k - 0 

'FC 
c!L   - J O) 

«ic cic + cic + cic' k ■ 1 
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where 

H; 

FC 
k 
LC 

,)c 
"LC 
,k 
-GC 

,k 
'EC 

contractor direct maintenance cost per failure 

total contractor labor hours per failure 

average contractor labor rate per failure 

average contractor shipping cost per failure 

average contractor material cost per failure 

6.  RELIABILITY IMPROVEMENT THROUGH MODIFICATION — M 

If a modification to improve reliability is made, we assume that the 
failure rate Is reduced by a factor of M, i.e., X^ = MA.  it is reasonable 

to assume that the value of M is a function of the actual failure rate and 
the specified value, say X   . Also, it is reasonable to assume that M is 
limited, say M > M , in that a modification cannot reduce \ to  0.  We also 
require that as \  approaches 0, M approaches 1. 

One such function that meets t;iese criteria is2 

"' *(l -""' (T^) 
X/X* 

(4) 

where M is the improvement factor to be expected if X = X*.  The general 
shape of this function is shown below: 

M 1.0 

M  - 

2 
Thi« function is a form of the Pearl-Reed curve often used in 
growth models. 

economic 
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7.     MODIFICATION-TIME DISTRIBUTION 

We assume that the tine at which a modificaticn can be introduced is a 
random variable with distribution. 

so that the probability of a modification's being introduced before time T 
is given by 

P[T;<T]    -    i-e 0 (6) 

Given that a modification takes place in the inf^rval   (T , T0), the 
expected time of such modification is given by OB 

fel'.^«»,]-^.^"'«!"1 
C71 

T 

Z1» 
ß       ^IJt 

w     -d
X(Tk-T)      „ 

d11 e      [u       ^dT11 

■    T    ♦ -r   - 

k -a ,.   . I U ^i** ■ Ta) 
a     dk .K 

1. * C, - »J 

This equation will be used to amortize user modification ro=ti. 

8.  COST OF MODIFICATION 

The cost of modification is a difficult parameter to predict. It is 
quite reasonable to assume that the greater the reliability improvement the 
higher the cost, although many instances must have occurred in which high- 
cost modifications have yielded minimal reliability improvements. 
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On the basis of some very limited data, we have developed a modification- 
cost model that will be used for illustrative purposes and in the interest 
of completeness.  For a failure-rate reduction from A to MX for an equip- 
ment costing Cp, the associated modification cost, including contractor fee, 
is given by 

C(M) 1.06 [.« - M)/(10M) •ij. (8) 

The general shape of this cost function is shown below: 

C(M; 

To account for the efficiencies associated with modification when a 
warranty provision exists, and to subtract contractor fee, we assume that 
C (M) = AC0(M) where 0 < A < 1 and C0(M) is as given by Equation 8, 

9.  P AOCUREMENT SIZE - Nk 

The size of the procurement depends on the number of operational units 
required plus the required number of spares. To calculate the required 
number of spares, we -rill assume that a minimum numbtr is established 
independent of failure rate or pipeline time, such as cue spare per squadron. 

Current studies sponsored by Rone Air Development tenter and the Institute 
for Defense Analysis may yield more substantive models. 
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^r« ss tuasyÄS- ■uitipii,d * *• —•• ^^ 
M       -    M    ♦ 

O 
<iMoT.HoTP'  Mx| W 

where 

Nk  . 

N o 

procurement size 

number of operational units 

Pj - average failure rate over the equipment life for s^areb 
calculation 

T  - average pipeline time 

N x minimun number of spares 

Since most avionic equipaent experiences reliability growth, basing 

oaLr^V 8Pare8 t0 be purcha8ed only «• the initial failure rate will 
It    i  ^ *-n.9*^mm**f-    Therefore, we will estimateT by considering 
the initial distribution of X, i.e., (p^ X^, the possible  " iji _L, 

M^ associated with X^  and the time at which such improvement may be intro- 
duced. 

Straightforward consideration of the foregoing possibilities yields 

(10) 



T
L A-f i i ) a   i  \ L       a) 

i-1     ' 

1 - e ■
d (

T
L - Ta) 

(1 - M^ 
1 - e 

■d (TL - T •>u. (TL-Ta)! + (TL - Ta)e 
-d ;(TL " »J 

where TL is the expected equipment lifetime. 

10.  MODIFICATION STRATEGY 

We now consider the strategy the contractor or user is assumed to 
follow in detormming whether a modification to improve reliability is to 
be  attempted u iri.ig the warranty period. 

If at time T^ the current average failure rate is X, for N operational 

units an average of N^ (T - TJ^ failures will occur over the period (T .T). 

If CF is the cost associated with each failure, then N A(T - T )H C is ?he 
expected remaining failure cost. 0     m o F " 

If a modification, at time T^ can reduce the failure rate from X to 

MA, (0 <M <1.0), the remaining expected costs will be N (MA)(T - T )H C , 

yielding a saving of N (1 - M) A(T - T )H C 0        m o F' 
0 m o F 

Therefore, a modification is profitable at time Tk if the cost of the 

modification is less than the saving, or m 

Ji-Jc 
N c (M) < N   (i - M) rej  (T - TMH 

o F >     m' i m'   o (11) 

**••:• C (M) is the modification cost for a X-improvement factor of M. 

We now note that for the nr-warranty case, the user will consider the 
total equipment lifetime (TL) in determining whether a modification is 

profitable. Under a warranty provision, the contractor will be primarily 
concerned only with the warranty period." Upon replacing T in Equation 11 

"For the warranty case, if an option for warranty renewal does not exist the 
user »ay request a modification and be willing to pay for it.  If such Ir 
option does exist, the contractor must consider the possibility of warranty- 
period extension.  Such alternatives are not considered in the model. 
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by T   ,  we have the X-dependent  strategy: 

k k 
T     <  T     <  T 
ami 

where 

max <T     ,  T 

k k 
NKCK(M.) 

N   (1  -  M.)Xk et  H 
o i    i    F    o 

(12) 

CFU      '      k  =   0 

CFC     '     k  '   1 

(13) 

k ,TL     ,     k-C 

T       ,     k =   1 
w 

(14) 

11.     EXPECTED MODIFICATION  COSTS,   C 
MOD 

Without discounting or amortization, the expected modification costs 
are given by 

'MOD 

11 

= NZpi 1 - e 
-d(Ti " Ta) 

C(M.) , T  < T. < T 
1   a   i   w 

(15) 

i»l 

For a modification interval   (T  ,  T.)  associated with X   ,   the expected time 

of modification is,   from Equation 7, 

T.     = T     + -r - 
a      d 

(Ti - Ta) 
-d(Ti - T

a) 

1 - e 
-d(Ti " T

a) 
(16) 

We now consider the no-warranty and warranty cases separately. 
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11.1 No-Warranty Case — c0 
    MOD 

For the no-warranty case, the user will expect to incur ■odification 
costs at T. if A - A..  This cost pertains to the period (? , T ) and is to 

be amortized on a straight-line basis over ff , T ) since It is^assumed to 
represent a major capital investment.  Hence, 

MOD ■ "cEp° 
i=l 

1 - e 
-'°K 

(17) 

11.2 Warranty Case — C1 
 MOD 

* F0^ *}e.TVan?  CaSe' the contracto^ «ill expect to incur modification 
costs at T. xf A - A..  Our basic premise is that all estimated contractor 

warranty costs are included in the contract.  However, since the modification 
costs are incurred at time T» but are paid for at time 0, to be competitive 
the contractor would normally discount them.  These discounted costs are 
then amortized in the same fashion as for the no-warranty case.5 

Hence, 

'MOD »' T, -J 
i=i 

1 - e -
d'(T;-Ta) 

fl8) 

where I is the yearly interest rate. 

12.  TOTAL DIRECT MAINTENANCE COST -- C 
'DM 

Total direct maintenance cost is defined to be equal to the sum of ail 
direct costs associated with repairing failed equipment.  Since we assume 
that cost per failure is constant, we employ the average failure rate given 

Note that for warranty-repair costs the user may make periodic payments 
rather than pay at equipment delivery.  Because of this possibility, wo 
have not discounted these costs, although it may be . easonable to do so 1 
periodic payments are not made. 
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by Equation 22 to yield the following: 

* User total direct maintenance cost ~ 

CL; " No A k CFÜ "o Tw <19> 

Contractor total direct maintenance cost — 

CnMr = N„ X k i H T (20) DMC      o      FC O  W 

To solve for X,  we consider the initial distribution of A,   (p.,  X  ) ,- 
the possible improvement,  M^  associated with X.;  and the probability that 
such improvement will be  initiated during the warranty period. 

Straightforward enumeration of events yields 

X = -4- 
T 

j A    (    /l -d(T -,]. 
r E pixi K 7 "      a; K - Ta ^i (TW - 'J]«, »» 

i=l    /   'T 
a 

00 

Jr -d/T - T \ 
f  de  l "   a'(T - T \dT 
T \  v        a)    m 
i 

The first term gives the average rate over (0, T ) when no modification is 
possible. The second term represents the following: 

• Probability that X - X. 
i 

• Probability that a modification can be achieved within time 
(T   ,   T     ♦ dT  ) mm m 

• Failure rate X over (T , T ) 
i       am 

• Failure rate H.XJ   over (T - T ) 
li       w   m 

The third term represents the probability that no modification is possible 
over (Ta, T^; therefore, the failure rate does not change fron the initial 
value. 

100 



obta 
Upon adding the "k" superscript and perfomnng the integration, 
in the following equation for TK: 

we 

Tk 

(T - r \i 
-d (T, - T )i v i   ar 

(Ti - Ta)) 

(22) 

13.  RISK FACTOR 

The longer the warranty period, the more risk and uncertainty a con- 
tractor faces la establishing a warranty-cost estimate.  In order to protect 
himself, the contractor may consider a risk factor to apply to his estimated 
cost, which increases with T^.  To account for this possibility, we introduce 

such a factor, which will be defined as 

T /12 
l(Tw)  =  (l + r) * (23) 

where 

R(Tw)  - total risk factor associated with a warranty period of T 
months w 

1 + r = risk factor for first year 

Thus, if r = 0.03, then R(12) = 1.03, R(24) = 1.061. R(36) = 1.093, etc. 

14.  LIFE-CYCLE COSTS 

We now apply the generic life-cycle warranty cost model, extended to 
reflect the concepts used in developing the submodels discussed above. 

14.1  No Warranty 

Without a warranty the user incurs all costs of failure. From the 
generic model, extended to reflect amortization and modification. 

LCC: N0C
O «b P T +  C"       + C0       + C0     A       + C0 

MOD DMU ISU T SsU 
w 

(24) 
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where 

C._. ■ initial user maintenance-support costs ISU F 

c   ■ recurring user-maintenance support costs per month 

A„   ■ amortization factor = T /T. 
T w L w 

14.2 Warranty 

With a warranty, the same form applies except that we apply the risk 
and fee factors to all costs the contractor expects to incur because of the 
warranty provision. We also assume that contractor indirect support costs 
are reflected in the labor rate. Therefore, 

T 
w w 

NlCiAT     +   [Ci0D + CDMc]   R{Tw)    (1  + P) »W 

+ C +  C       A       + C *   T DMU ISU T RSU w w 

Except for (c*. + c' tl • Am + C*  • T \ , LCci, represents the e \  DMU   ISU   T    RSU   w)     T w '      w 
total amortized contractor costs for the purchase, warranty-repair, and 
modification of the N1 units. Over the total lifetime, we can calculate 
the unit price as 

(^ + CDMC) R(V (1 ! P) 

-P ' ^P*  ^  
C1  - C0 + V-^ü ^l =  (26) 

where C* * , the unamortized-discounted modification costs, is given by 
HUD 

n 

w ■ J^ pl 1 -d Vi ■ *.) 

i-1 (l ♦ 1/1^i 

C1(M.) 
 ^ (27) 

15.  WARRANTY PRICE ANALYSIS 

We now consider the break-even or "indifference'* price to pay for 
units with a warranty provision over a period of T months. An indifference 
price is a price whereby the expected total user cost under warranty is not 
greater than the total cost the user'would expect to incur without a 
warranty. 
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We develop the indifference unit price, say C*f by letting 

C*  = c° + C* 
P     P   INC (28) 

where CINC is the price increment due to warranty,  consisting of the 

amortized modification costs   (c^OD)  and the unamortized contractor direct 
maintenance costs   (cl     \ . 

\  DMC/ 

For a given value of C . the total amortized life-cycle costs to the 
user will be 

LCC 
w 

"l\cl ^  ♦ c*    A!1+ C
1 

[ P  Tw   INC  TwJ   DMU (29) 

+ C1   A   + C1 
ISU  Tu   RSU w 

where A  is the amortization factor to apply to C* „.  For C* to yield an 
w INC       P 

amortized life-cycle cost equal to the no-warranty case (i.e., LCC0), we 

w 
must have 

Kl C* 
w 

LCC°  - N1 C0 A  - C1 
Tw      P  Tw   DMU 

(30) 

— C     A   -   C •    T 
ISU  Tw   RSU   w 

Therefore, the value of CTU_ is equal to INC 

LCC; 
'w 

N C" A 
_| P 

'INC 

3 m
m - C1   - C1   A  - r    . T Tw   DMU   ""ISU  Tw  

C
RSU   ^ 

Nl AT 
(31) 

To obtain the value of AT , we use proportionate weighting of the 
w 

average modification-cost amortization factor,   say Ä ,  and that of the 
M 
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contractor direct maintenance cost (A.F. - i.o). yielding 

A* 
CMOD* \ *  CDMr 

MOD *  LDMC 

where 

\    = average modification-cost amortization factor 

E 
i-i pi " "■ ■ '-i fei) 

i    -d 
-   e ,, , . _  . (33) 

The indifference unit-price percentage increment per year is then 

\ ' 1200i?n-~i 04) 

-     1200 

We note that with a price of c* if  «.v- ^ t 
bility better than antici!^ ? .£'  .   contractor can provide a relia- 
modification' o^ 1?^^  ^   ^ ^^   (either initially or through 
without advei elj affecti^ SfSlS^* 2 ^^^  time and/or costs 
at no additiona/ccst to ^e user  S! "^ 5 "" aChieVe a higher *™^ 
from better reliability or short^ The "8er'.of c™'**'  will also benefit 
Price of c*. is assured that £?' T  ^'^ *"*'  With the ^^««ence 
period «rll*  Ji incurring costs over the warranty 
Period greater than the costs he would incur without the warranty. 

16.  SUMMARY OF DATA-INPUT REQUIREMENTS 

The data-input requirements of the model are summarized a. follows: 

• General 

Cp - unit purchase price without warranty 

N0 - number of operational units 

H0 - operating hours per month per unit 
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TL = equipment lifetime (months) 

Tw B  warranty period (months) 

I  = yearly interest rate for discounting 

Reliability 

(Pi' Ai) = prior distribution of failure rate 

^      = specified failure rate 

Direct Maintenance Cost 

„k 
LÜ = total user labor hours per failure 

L'J average user labor rate per failure 

rk GU _ average user shipping costs per failure 
_k 
EU = average user material costs per failure 
k 

HLC '    total contractor labor hours per failure 
_k 
LC ' avera9e contractor labor rate per failure 

_k 
GC * avera9e contractor shipping costs per failure 

rk 
EC    average contractor material costs per failure 

Modification Statistics 

Ta  = minimum number of months before modification is possible 

M   = failure-rate improvement if X = X* 

M'  = minimum value of failure-rate improvemant factor 
.k 
a        -    rate at which modificatioi can be introduced 

A        =    factor to adjust estimated varranty modification costs 
co the no-warranty case 

Procuronent Size 
Nx      *    minimum number of  spares 

mk Tp      "    pipeline time   (months) 
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• Risk and Profit 

r = factor such that (1 + r) equals risk burden for first year 

P = contractor fee 

* Support Costs 

k 
C
ISU ■ user initial support costs* 

RSU = user recurring support costs 
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17.  ILLUSTRATIVE MODEL APPLICATIONS 

In this section, the model is applied to four sample procurements that 
are believed to represent a good cross-section of equipment type, complexity, 
reliability, and cost. 

These sample procurements are not actual cases; they were developed 
from data obtained during the study from various sources and are believed 
to be representative.  It is cautioned, however, that the conclusions drawn 
fron the examples apply only to the set of data values used, and general 
inferences about the value of warranty should not be made on the basis of 
these examples. 

The four procurements are suirnarized briefly below. 

17.1 Procurement A:  Acceleromcter (F105) 

Procurement A represents a large purchase of a relatively inexpensive, 
high-MTBF unit.  We have assumed that this item is already in the inventory, 
so that many types of initial support costs will not be incurred.  The 
life-cycle cost analysis applies only to the new-procurement items. 

Many of the data elements used in the model were obtained from an 
RADC-sponsored study performed by Hughes Aircraft Canpany.' Two major 
changes in the data were made. 

In the Hughes report, it was assumed that the MTBF with a warranty 
would be twice that of the MTBF without warranty.  It is believed that thii 
assumption is extreme.  Instead, we have assumed that the prior distribu- 
tion of the MTBF is somewhat better for the warranty case, yielding speci- 
fically an average MTBF for the warranty case that is approximately five 
percent better than the no-warranty case; but ve also assume that the 
modification-introduction rate is greater when a warranty exists. 

The other change concerns warranty administration costs.  In the Hughes 
study, a monthly warranty-administration cost of $4,000 per month was as- 
sumed.  The unit has an approximate MTBF of 5,000 hours, and 1,000 units 
operating 75 hours per month would generate approximately 15 failures per 
year.  Yearly costs of almost $50,000 seems too high to administer 15 war- 
ranty claims.  We have therefore reduced the warranty administration costs 
to $800 per month. 

17.2 Procurement B; Gyro (Fill) 

Procur«T»ent B represents a small purchase of a moderately priced, 
moderate-MTBF unit that is already in the Air Force inventory.  An attempt 
was made to use as many data on the existing Air Force A24G-26 gyro war- 
ranty procurement as possible, but not all required data were available 
(e.g., the current MTBF of the gyro under warranty was not obtainable at 
the time of this study). 

J 
RADC Report TR 39-363,  Airborne Eiectronic Equipment Lifetime Guarantee, 
November 1969. 
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17.3 Procurement C:  Magnetic Drum (F105) 

Procurement c represents a large purchase of a moderately expensive, 
moderate-MTBF unit that is already in the Air Force inventory. The Hughes 
study referenced above was used to obtain many of the data elements. 

17.4 Procurement D;  Inertial Navigation System (A6E) 

Procurement D represents a moderate-size purchase of a very complex, 
expensive, low-MTHF system that is not in the Air Force inventory. Many 
of the data were obtained from a recent AÄINC Research life-cycle-cost 
study of alternative navigation systems for the A-6E aircraft.7 

17.5 Data Inputs 

Table III-l lists the data inputs used in exercising the model for 
the four procurements.  For each procurement the following constant para- 
meters were used: 

Equipment lifetime (T ), 10 years 

Minimum period before modification (T ), 3 months 
A 

Yearly interest rate (I), 10 percent 

Risk factor (r), 3 percent 

Contractor fee (?), 10 percent 

we also assumed that without a warranty, the probability of a modification 
in three years is equal to 0.75. Therefore, 

1 - e -d0<36-3> - 0.75 

or 

d0  «  0.042 

With warranty, we assumed a 0.90 probability over the same time period, 
yielding a rate of d1 « 0.070. 

Other general aspects of these data are as follows: 

• MTBFs rather than failure rates are listed because of convention. 
Conversion to failure rate (X - 1/6) is required for model applica- 
tion. 

• For each case two possible MTBF values are used. These values en- 
compass the best estimate of actual MTBF available at the time of 
model exercise. Generally, the initial MTBF distribution with war- 
ranty is equal to or slightly better than that for no-warranty. 

1 Life-Cycle Cost Analysis of Alternative Navigation Systems for the A-6E 
Aircraft  (Preliminary)  — ARINC Research Corporation, April 1973. 
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User labor hours per failure without warranty are generally greater 
than contractor labor hours per failure with warranty. This rec- 
ognizes the fact that engineering and technical expertise of con- 
tractor personnel is generally higher than that of «ilitary per- 
sonnel.  For this reason, the contractor labor rate is generally 
higher than the military labor rate. 

• Since contractors are likely to be more cost conscious, contractor 
material cost per failure is generally lower than corresponding 
user costs. However, the contractor costs are then burdened with 
fee. 

• For cases where it is assumed that the item is already in the inven- 
tory, user initial support costs are minimal and are auch lower for 
the warranty case than for the no-warranty case. 

17 «^ Model Exercise and Results 

.VM,™™ f16"136 the mode1' * conversational (timesharing) program in the 
FORTRAN language was developed.« The basic parameter of interest was the 
total amortised savings (loss) of a warranty for a period of T months, 

WST  - LCC; - LCC» 
w       w     S» 

The data (except the MTBF distribution and the warranty period) can be 
either stored in the program through DATA statements or entered through the 
terminal  The MTBF distribution is inputted through the terminal follow«! 
by the initial warranty period to be considered, the increment in the war- 
ranty period, the number of periods to be considered, and a print code. 

For code 0, the output consists of the following: 

• User costs per failure (k ■ 0,1) 
• Procurement size (k - 0,1) 

• Failure-rate improvement factors for each MTBF and associated 
costs   (k - 0,1) 

• Warranty savings for each period to be considered 

ilr^ty^eri^6 1 " ent*t*d' detailed lnfo«^«» i« Provided for each 

ment. 
Exhibit IIl-l presents sample outputs for the magnetic drum procure- 

«The program was written in FORTRAN spedficaUy for the CDC-KRONOS Tlme- 

™ SJL ^ U8an9 2! CDr6400 *—*«-    w^h minor changes, the pro- 
gram should be appropriate for most other timesharing systems with »•ORTRAN 
capability. Conversion to batch-processing is SMTMSST 
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crua.B, ^ Period.     They show that  the  "optiw  uatrar.tv period   In- 
creaies as equipr-ent complexity and total cost increase      T-M/,T,  , 
»arizes pertinent data obtained fr„ the c^£"nl IU'2 SUn'" 

saying-rTohta^dTr" SS^T^ilS 'V™ ^ '^ ""^ ~^ 
are iess than one Percent of"^^      2' lie^c"; «t"S"^^'"0 

on factor, other tW^I'l^V^TrellTZTZ Zl^ * ^ 

T    ■ Tyea'rs "yleldlno"""6"''  "l ""'""" """" ^i""8 »«« ""on 

f?rst t^ eirr1  "      g t    "Lit:    Tilt PerCeat-    The HTBF -" the 
i   nHn^   i ^^^ *■       ■'•xy"l-xy oetcer  tor  the no-warranty case   (1.150 vs 1,000)   because of   th«' asqumot-ion  fh-.f   «-v.« i v,c»oc   VX,XJU vs. 

unit is under warranty WOrthwhlle to P^V for a modification while the 

maan^irH"0^ Peri0d 0f  '"5 yearS **""**  the maximum savings  for  the 

less  thL'th^T'^r6"''   ^ Pipeline times  for  contractor repair  were 
TITS    in conf    ^     heAlr FOrCe dep0t repair   (1-15 months vs  1  95 months) 
the^arrant^case^ ^ ^ Slightly ^^ Pri0r «» distribution  for 
whirh  r        .     f'   CaUSed  the ^"ificant procurement-size difference which accounts  for most of the savings. axnerence, 

ment  llzlTftrT11^  ^^ 0f  ^ m0ntnS  are assur,ed'   the" the procure- 

;Lntm^^^%r^r:rLa
v

n
i

tnygaonLWrasrraattI VA lell' S  1'218'   f^^^" 
The average MXBP -^Imost^Tf^^t^c^^nvS'tiis^L" $361'rj00- 

warra^^r^^^^nS^^^^^^ 
c^t^f0 hriO v^r S millt0n iS reali2ed' -^ -^PProx-a l' 1; ^r. 
m li.?^^MJ1S2:t1•^i^ty!,l'avera9e MTBF with —^ - 
mnn

The ^K0" Part 0f the SaVings is in the ^itial support costs (S20 
million without warranty versus $2 million with warrant^ Since th^f 
curement represents a new inventorv ii-™, ****       warranty).  Since this pro- 
test and support equipment t«^      f   canplex, such savings in 
are quite po^ible       ' training' manuals' ™*  other start-up cost. 
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in 
Warranty Hnaä IM—Wl 

FIGURE  III-l 

WARRANTY  SAVINGS  VS WARRANTY 
PERIOD,   ACCELEROMETER 
PROCUREMENT 

FIGURE  III-2 

WARRANTY SAVINGS VS WARRANTY 
PERIOD,   GYRO PROCUREMENT 

FIGURE  III-3 

WARRANTY  SAVINGS  VS WARRANTY 
PERIOD,   MAGNETIC DRUM 
PROCUREMENT 

FIGURE  III-4 

WARRANTY SAVINGS VS WARRANTY 
PERIOD;   INERTIAL NAVIGATION 
PROCUREMENT 
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w.^ ? ^dltlon' the average user cost of failure is about $200 greater 
without the warranty than the user-plus-unburdened-contractor cost per 
failure with warranty.  Over the ten-year period, approximately 4.900 
failures will occur.  At a $200 saving per failure, warranty savings in 
repair costs total nearly $1,000,000; after reduction for the fee and risk 
burden, this is still significant. 

18.  DISCUSSION OF THF MODEL 

♦-h m
The ^fe~cycle model Presented in this appenc-x is believed to include 

the major factors that should be considered quantitatively in evaluating 
the cost implications of failure-free warranty provision.  The model is 
perhaps somewhat more complex than "typical" life-cycle cost models in 
that it specifically treats the possibility of reliability growth through 
engineering modification, the cost of such modification, and the resultant 
savings in maintenance cost.  Recognition is also given to the fact that 
the knowledge of equipment MTBF is often vague when life-cycle cost models 
are applied.  The use of a prior distribution of MTBF is believed to be a 
reasonable approach. 

It is noted that if the modification introduction rate, d, is set equal 
to zero and the MTBF prior distribution is concentrated at a single point, 

evalu^lin   ^ ^ ^ m0del'fonn t»*«U» proposed for warranty-cost 

Although the equations for the submodels are not particularly difficult 
to solve, it is recommended that a computer program be employed for perform- 
ing vanational analysis, particularly with respect to determining whether 
a warranty is beneficial and. if it is. the warranty period that should be 
used to maximize life-cycle cost savings. 

The submodels used to determine the time for introducing reliability 
modification, cost of such modification, and amount of improvement must be 
considered more illustrative than factual.  Research on past avionics pro- 
grams should provide more definitive predictive equations for these factors. 

Three possible limitations of the model deserve some discussion.  For 
reliability-improvement modification, we have assumed that during the war- 
ranty period only one such modification, at most, is performed.  This as- 
sumption applies for both the warranty and no-warranty cases and. therefore. 
should not introduce any serious bias in comparing the two cases.  We can 
also argue that the single modification time and the associated reliability 

SSZTVSLSf* "" ^ considered to be averages over possibly several 
instances of modification.  The concentration into one modification yields 
a significant reduction in model complexity. 

The second limitation concerns the restriction of the life-cycle cost 

expendUur^lf rf* ""'^ Period <**<***  «« the amortisation of capital 
newal or It L * a """"^ ******  «•" not to have an option for re- 
then a L^nii* ? r 0PtJ0n f0r * fonow-on contractor maintenance program, 
extensior^h UftfTU COSt analysis WOuld ^ a fairly straightforward 
bunHn %     9? n0t WlthOUt 80me complications in treating the necessary 
build-up of a user's maintenance capability. cewary 
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For program«, requiring a large investment in training and support- 
equipment materials when a warranty expires, a prudent policy would be to 
include such option in the initial agreement.  On the other hand, it also 
is reasonable (from both the contractor and user viewpoints) to leave the 
terns of a possible renewed agreement open for negotiation on the basis of 
the history of the initial period of warranty.  Considering such an option 
and negotiated price in an overall model would be a difficult task, al- 
though further lesearch in this area is encouraged. 

The third limitation concerns the fact that we have not included un- 
verified failures in the model.  Mean time between unscheduled removals 
(MTBUR), which consists of verified plus unverified failures, can be sig- 
nificantly higher than MTBF.  Since unscheduled removals can have a ma]or 
impact on life-cycle cost, the model should be extended to include unveri- 
fied failures. 

We do believe, however, that despite these limitations the proposed 
model can still serve well, especially for the case in which a decision 
to include a warranty has been made and the most cost-effective warranty 
period has yet to be determined.  We also note that any model of a complex 
process cannot possibly include all factors bearing on the decision, and 
the life-cycle cost model we propose is certainly no exception.  However, 
it will provide quantitative estimates of cost and reliability associated 
with a warranty decision, which certainly represent two of the most impor- 
tant decision factors. 
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APPENDIX IV 

SUMMARY OF AGENCIES VISITED 

The aqencies and personnel listed below were visited in the course of 
this study.  In addition to granting extensive personal interviews, in 
some cases they provided copies of warranty agreements, reports, and other 

data. 

Company 

Piedmont Airlines 

National Airlines 

Eastern Airlines 

United Airlines 

American Airlines 

AIRLINES 

Location 

Winston-Salem, N.C. 

Miami, Fla. 

Miami, Fla. 

San Francisco, Cal. 

Tulsa, Oklahoma 

Pan American Airlines  New York, N.Y. 

Person and Function* 

A. Lenderman (1) 

T. Lauck (3) 
C. Sullivan (3) 

H. Harrison (1) 
L. Worsham (3) 

T. Ellison (1) 
L. Olson (1) 
C. Smith (2) 
H. Swinehart (2) 

G. Campbell (1) 
C. Keaney (6) 
W. Flottman (2) 

G. Hiller (3) 
w. King (1) 

Company 

Bendix Avionics 

Lear Siegler 
Astronautics 

VENDORS 

Location 

Ft. Lauderdale, Fla. 

Santa Monica, Cal, 

Person and Function* 

R. Winston (4) 
C. Cargil (4) 
H. Nevill (4) 

G. Fitzgerald {b) 
J. Tommasino (6) 

*(1) = Engineering/Maintenance 
(2) - Purchasing 
(3) ■ Warranty Administration 

(4) =  Sales/Marketing 
(5) = Customer Service/Support 
(6) ■ Contracts 
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Company 

Li'•.ton Eyj tems 

\inq  Hadio 

Collins Fadio 

Lear biegier 

Instruments 

VENDORS 

Location 

Woodland Hills, Cal, 

O/ath;, Kansas 

Cedar Rapids, Iowa 

Gra/u Rapids, Mich. 

Person and Function* 

R. Bonswor (4) 
R. Snydor (6) 

C. Bennett (5) 
J. Rosenlieb (4) 

K. Engholm (5) 
J- Gooden (4) 

J. Harty (5) 
G. Ewalt (4) 

Aqency 

NAVAIR (Instruments) 

ASD (ARC - XXX) 

ASD (Nav. & Guid.) 

AFLC (Procureirent) 

Air Staff (DoD) 

ASO (Engineering) 

AFSC (Procurement) 

Location 

Jefferson Plaza, Va. 

WPAFB, Ohio 

WPAFB, Ohio 

WPAFb, Ohio 

Pentagon 

Philadelphia, Pa. 

Andrews AFB 

ESD (Program Office)   L.G. Hanscom Field 

Persons 

E. Hall 

Col. Mrtrie 

R. Ittleson 
R. Perdzock 

Col. H. Perry 

Lt. Col. B. Weiss 
Lt. Col. J. dune 
G.  Jett 

0.  Markowitz 

Col. Sparks 
K. Spates 

*. Ratynski 
G. Walker 
Capt. W. Rustemeyer 
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